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INTRODUCTION 
Recurrent selection programs, or any selection program in maize 
which is based on early testing procedures, often involve crossing 
eight or more plants of a heterogeneous tester with each of numerous 
Sg plants from a desirable source of germ plasm. Seed from the 
individual crosses of a particular SQ plant is bulked and is compared 
with testcrosses of other SQ plants in performance trials. In the 
analysis of variance of such trials, the estimated variability for 
general combining ability among the individual SQ plants is confounded 
with variability for general combining ability among samples of the 
heterogeneous tester parent in the mean square for testcrosses. The 
relative magnitude of the variability caused by sampling of the tester 
is determined by the extent of the heterogeneity in the tester and the 
amount of variability among the SQ plants being tested. 
Experiments involving crosses with broad-base tester populations 
include large numbers of hand pollinations. The hand labor, time, and 
materials required to make controlled individual pollinations are 
costly. Any procedure which reduces the number of pollinations or 
expedites handling and preparing seed for the performance tests, 
reduces the expense and increases the efficiency of the program. The 
task of hand pollinating and the problem of adequately sampling a 
heterogeneous tester could be eliminated by selfing the plant, then 
growing the progenies as female parents in an isolated field with 
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the heterogeneous tester as the male parent. This procedure, however, 
adds one generation to the evaluation program. 
The practice of crossing each SQ plant to eight or more plants of 
a heterogeneous tester is based upon results of a study by Sprague 
(1939). Sprague's data were obtained for two open-pollinated varieties, 
Reid and Krug. Heterogeneous tester parents used in recurrent 
selection programs at the Iowa State University have been double-cross 
hybrids, and synthetic varieties developed by recombining a number of 
unrelated inbred lines, usually 12 to 16. Fewer hand pollinations can 
be made if the number of plants required to give adequate samples of 
double-cross and synthetic tester parents is less than was found by 
Sprague for open-pollinated varieties. 
There is, of course, no problem in sampling homogeneous testers. 
The number of hand pollinations used with inbred or single-cross testers 
is greatly reduced. Breeders have limited the use of homogeneous 
testers to the measurement of specific combining ability, A single 
cross or pair of single crosses which are approximately equal as testers 
to a heterogeneous tester are a satisfactory substitute. In fact, there 
is a definite advantage for any com breeding project that can substitute 
single crosses for double-cross testers. 
In this study, attempts were made to determine if fewer hand 
pollinations can be used either by reducing the size of sample taken 
from the tester populations or by substituting single crosses for 
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broad-base testers. Specific experiments were conducted which include 
a synthetic and a double-cross hybrid currently in use as testers. 
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REVIEW OF LITERATURE 
The corn breeders who first developed inbred lines of corn for 
use in hybrids soon realized that it was much too expensive to evaluate 
their material in all possible single-cross combinations. The top-
cross test as reported by Davis (1927) provided a feasible means of 
screening inbred material for desirable genotypes. He suggested the 
use of a broad-base tester to evaluate lines for general combining 
ability. Jenkins and Brunson (1932) presented data which clarified 
the method suggested by Davis, It was further proposed by Jenkins 
(1940) that heterogeneous tester varieties be used for population 
improvement. The subject of testers in maize and other crops was 
reviewed by Johnson (1952). 
The use of a heterogeneous population as a tester parent introduces 
the problem of sampling enough plants for each testcross so that large 
differences obtained among testcrosses are not caused by sampling differ­
ences of the tester parent. Numerous authors have pointed out the need 
of sampling many plants in tester populations. Kittle (1954) studied 
the use of the polycross progeny test to evaluate characters of smooth 
bromegrass. He deemed it important to reduce differential pollen effects 
by producing polycross seed from 10 or more single randomized plants. 
This was intended to ensure that seed for a polycross progeny test would 
give a good measure of relative combining ability among clones. 
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Matzinger (1953) reported on the relative performance of testcrosses 
of eight inbred lines of com with three tester types. These included 
two double crosses, their four parental single crosses, and the eight 
parental inbred lines. It was observed that the error variance for 
single-cross testers was 12.50 and that for double-cross testers was 
28.18, It was suggested that larger numbers of plants of a double-cross 
tester must be used to reduce sampling variability to a level comparable 
with single-cross testers, 
Comstock, Robinson and Harvey (1949) compared reciprocal recurrent 
selection with recurrent selection for general combining ability and 
for specific combining ability. They pointed out that the standard 
error of testcross progeny means was larger for reciprocal recurrent 
selection because of sampling variance among genotypes of tester plants. 
In addition, they stated that if each testcross progeny involves as 
many as three or four tester parent plants, the standard error for the 
reciprocal selection method was more than 10% larger than for the other 
methods only under the most extreme conditions. Comstock et al. 
suggested that testers in recurrent selection for general combining 
ability have been at least as broad based as two single crosses. Use 
of double-cross or variety testers posed the same sampling problem as 
reciprocal recurrent selection. 
Homer (1963) stated that testing plants rather than lines 
necessitates the use of a tester. The problem of sampling is introduced 
when broad-base testers are used. Center and Alexander (1962) reported 
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that the relation of performance to combined testcross performance 
for two testers was closer than that between performance and test-
cross performance with only one tester. 
Several investigators have measured variability within tester 
populations, and made estimates of the number of tester plants for 
adequate sampling through the use of variance ratios and per cent 
information. 
Sprague (1939) recorded experiments on Krug and Reld Yellow Dent 
varieties of maize. In one experiment, two plants of Reid were each 
testcrossed to 20 different Reid plants. In another, six Krug plants 
were evaluated by crossing each to 20 Krug plants. Fourteen replications 
per experiment were planted and harvested. The results of the analysis 
of variance are shown in Table 1. 
Table 1. Analysis of variance for experiments A and B by Sprague (1939) 
Experiment A (Reid) Experiment B (Krug) 
Source DF MSa DP MS 
Replications 14 9.67 14 34.71 
Male parentage 1 6.61 5 23.96** 
Female parentage 38 9,99** 114 2.79** 
Reps X males 14 3.03 70 2.91 
Reps X females 532 2.10 1596 1.58 
F value significant at 1% level of probability. 
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Sprague desired to obtain an estimation of the smallest number of 
tester plants from these two varieties which may be used to evaluate SQ 
plants or inbred lines effectively. This number was determined as the 
point where the use of more tester plants from a variety failed to make 
an important reduction in the testcross variance. Variances were 
obtained from the formula: 
Mean Square (Replications x Females) + 
Mean Square (Female Parentage) - Mean Square (Replications x Females) 
n 
Values for number of tester plants (n) from one to 50 were substituted in 
the equation. An example of such a calculation is given from the Reid 
experiment. 
2.10 + 9*99 - 2.10 ^  2.89 when n = 10 
n 
In Table 2 these calculations indicated that 10 to 20 tester plants from 
the Reid variety, or 10 plants of Krug, were adequate to evaluate 
material. It was stated that 10 plants should be a sufficient number 
for most varieties. This estimate has been used by many com breeders 
for other varieties as well as for other types of heterogeneous tester 
populations. 
Leffel (1952) used an 11-clone diallel cross to estimate general 
(GCA) and specific SCA) combining ability in orchard grass. The crossed 
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Table 2. Calculated variances between female progenies for samples of 
various numbers of progenies on the basis of observed 
variances among the topcrossed progenies of individual plants 
by Sprague (1939) 
Calculated variance 
Experiment A Experiment B 
Plants 
per sample 
No stand 
correction 
Corrected 
for stand 
No stand 
correction 
Corrected 
for stand 
1 9.99 10.14 4.52 2.25 
5 3.68 3.62 2.17 1.23 
10 2.89 2.81 1.87 1.11 
15 2.63 2.53 1.78 1.06 
20 2.49 2.40 1.83 1.04 
25 2.42 2.32 1.70 1.03 
30 2.36 2.26 1.68 1.02 
50 2.26 2.15 1.64 1,01 
100 2.18 2.07 1.61 0.99 
seed was grown in a performance test. Components of variance from the 
analysis of the results were combined into the following formulae; 
* 2  ^2  ^2 
Mean Variance (GCA) =  ^  ^
* 2 * 2 
Mean Variance (SCA) = + Lines x Testers 
where r equals the number of replications and t equals the nmnber 
of tester clones. 
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The GCA and SCA variance terms were used to calculate per cent 
information (reciprocal of the variance times 100). Relative to the 
information given by 10 testers, five testers gave 78% information 
for early spring vigor and about 80% for date of blooming, panicle 
number, disease susceptible score, and green forage yield, 
Wassom and Kalton (1958) reported on studies with topcross and 
polycross nurseries of orchard grass. They concluded that pollinations 
were generally random when forage yield was measured but not completely 
random for panicle number. They stated non-randomness of pollination 
may not be as serious for characters which were determined by many genes 
as it would be for more simply-inherited characters. 
The mean squares and expectations of mean squares were manipulated 
in order to study efficiencies of various numbers of individual tester 
plants in the seed production nursery. Per cent information was esti­
mated by: 
 ^.n X 100 
a + ro 
w 
where ^  is the number of replications in progeny tests, 2 Is the number 
*2 "2 
of individual plants in the topcross nursery, a is random error and 
is variability within clones, A constant plot number per clone was set 
at 24. Since crosses from each individual plant were kept separate in 
progeny tests, an increase in progeny test replicates meant a reduction 
in individual plant testers. The results are presented in Table 3. 
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Table 3. Per cent information for panicle number and forage yield of 
orchard grass testcrosses with varying numbers of replications 
(r) and tester plants (p) reported by Wassom and Kalton (1958) 
% Information 
r P 
Panicle number 
1951 1952 
Forage yield 
1951 1952 
1 24 100 100 100 100 
2 12 93 86 100 98 
3 8 87 75 100 97 
4 6 82 67 100 96 
6 4 73 55 100 93 
8 3 66 47 100 90 
12 2 56 36 100 85 
24 1 38 21 100 75 
The per cent information for 1952 was 97% for forage yield and 75% 
for panicle number when eight tester plants per clone were evaluated in 
progeny tests with three replications. Therefore, while cost in the 
topcross nursery would be three times as great with eight plants compared 
with 24 plants, relative information would be increased only 3% for yield 
and 25% for panicle number. Ninety per cent information was obtained for 
yield when only three tester plants were used. 
Federer and Sprague (1947) reported an analysis of 11 topcross 
experiments of com. Two or three single-cross or double-cross testers 
were employed to evaluate six to 98 inbred lines per experiment. The 
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components of variance for error, lines and lines x testers were 
entered into Yates' formula. Varying numbers of testers (t) and 
replications (r) were also entered. The purpose was to determine 
importance of each. The formula is: 
The lowest standard deviation, or the greatest precision, was shown to 
exist for experiments with the largest number of testers by using a 
series of positive standard deviation units and holding the number of 
plots constant. However, it was suggested that no great gain in 
precision could be achieved with more than eight or 10 tester plants 
for each line to be evaluated, Federer and Sprague used material which 
was unselected and showed general combining ability to be of most 
importance. 
Keller (1949) performed experiments similar to those reported by 
Federer and Sprague except the lines which were tested had been selected 
previously for combining ability. No appreciable increase in the amount 
of information resulted from using more than eight testers. Keller 
showed specific combining ability to be of primary importance with these 
inbred lines. 
Salazar and Lonnquist (1963) investigated the sampling bias which 
they suspected to arise from the variation in maturity within a tester 
" 2 
 ^Lines 
V 2 ' X (Average value of 
° Error largest deviates) 
; 2 + 
Lines 
" 2 
Lines x Testers 
t rt 
12 
variety. Plants from the early one-third and late one-third of each 
tester variety. King, Krug and KIIA, were crossed as males onto B8, 
WF9, N6, and N25. These testcrosses were evaluated in performance 
tests. All characters showed a change as the pollen sample used varied 
from the early to the late segment of the range in flowering of the 
tester parent. The yield advantage for the late segment was 13 bushels 
per acre. The results demonstrate the importance of using differential 
planting dates of the tester parent. Comparison of topcross results 
within groups of lines of comparable maturity was suggested also as a 
means of avoiding bias resulting from differential sampling of tester 
population gametes. 
Several investigators have reported experiments in which a fixed 
number of testers was used. Bolton (1948), in a study of topcrossing 
in alfalfa, compared one, two, and four high combining tester plants in 
crosses with numerous clones. Each tester group was represented by 
exactly eight plots. This was accomplished by four replications of the 
cross and reciprocal where a single tester was employed, two replications 
where two testers were employed, and one replication where four testers 
were employed. There was an indication that either two or four plants 
were preferable to one. Poor combiners made equally good testers as 
good combiners. No conclusive results were reported, but the rankings 
were very similar with one, two, or four testers. The top three lines 
were common for seed yield and forage yield. Different numbers of 
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tester plants did not rank a group of clones identically, but the 
extreme high and low producing clones were picked out in all cases. 
Gorki11 (1950) selected five plants of short-rotation rye-grass 
and increased them as clones. A diallel cross was made between the 
five clones. In addition, each clone was open-pollinated in an 
increase acre of the parent variety. It was concluded that the diallel 
and open-pollinated methods gave comparable rankings of each clone for 
weights of forage material at each of two cuttings. Comparison of the 
single crosses in the diallel set with the open-pollinated testcross 
clones showed that four tester plants were adequate, and in some cases 
even three. In fact, crosses with one plant (clone D) gave a result 
almost identical with that of the open-pollinated material. 
Center and Alexander (1965) made pollinations from a single cross, 
VaSl X HyS, to 120 ears of Com Belt-Southern Synthetic on each of four 
dates over a nine-day period. At harvest, 108 ears for each of the 
four maturity groups were composited into 18 groups of six ears each. 
This seed was grown in yield trials at one location with four 
replications. Means of the 18 groups for each maturity date were 
compared. Significance due to date of sampling was found for harvest 
moisture per cent and days to mid-silk. Although yield differences were 
not significant for the four dates, the later maturing groups were 
higher yielding. 
The 72 groups of six plants were ranked and the difference between 
the highest and lowest was compared with the difference necessary for 
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significance on the Duncan Multiple Range Test. Significance at the 
five per cent level was obtained for all characters except ear height, 
indicating that six-plant samples did not adequately represent the 
population. The 72 groups of six were then pooled to form groups of 
12, 18, and 24 and again ranked and tested. Groups of 24 showed 
differences significant at the same level as groups of six, indicating 
that 24 plants did not adequately sample the Com Belt-Southern 
Synthetic. 
Center and Alexander conducted another experiment with some 
variations from the original one. Bulked pollen from eight plants 
of the synthetic were used to pollinate two single crosses, Va31 x 
Hy3 and Va35 x Va41. There were 53 pollen groups grown in yield test 
at two locations with four replications. The maximum difference 
among the 53 groups was significant at the 5% level for all five 
characters. When the data were combined to form 16, 24 and 32-plant 
samples, differences in yield were significant for each single cross 
but not for both single crosses together. The other four characters 
were significant for each single cross and the combined data. 
Even though the pollen group experiment indicated that from eight 
to 16 plants were a representative sample for yield of Com Belt-
Southern Synthetic when crossed to two single crosses, Center and 
Alexander concluded that the significance of other characters suggests 
that many more than eight plants are needed. They further stated that 
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there is need for more uniform sampling of the tester parent than can 
generally be done when testcrossing SQ plants to a broad-base tester. 
The population sampled was of diverse origin and may have had a broader 
base than testers commonly used. The sample x single cross and sample x 
location interactions were generally significant although significance 
of sample differences tended to increase with combination of data over 
single crosses and locations. 
Comparisons of tester types have been published for varieties, 
double crosses, single crosses and inbred lines. These reports included 
inbred lines, lines and populations as materials being tested. 
Some authors used related testers. Others used unrelated testers. 
Those papers are reviewed here with emphasis being given to those 
involving a relationship among the testers. 
Grogan and Zuber (1957) compared several single-cross and double-
cross hybrids as testers for segregates of two single crosses and a 
three-way cross. In one study, 57 segregates of (WF9 x Mo22)WF9 were 
tested with two double-cross hybrids and the four parental single crosses. 
The hybrids were U.S.13,(WF9 x 38-11)(L317 x Hy), and Mo8, (K4 x B2)(L3 x 
G), In two other studies, 44 F^  segregates of both C103 x 187-2 and A73 x 
N27 were tested with U.S.13 and Mo8j-respectively. The parental single 
crosses of the respective double-crosses were also used as testers. 
Phenotypic correlation coefficients were determined to compare the 
F^  segregates as ranked by the parental single crosses and double crosses. 
These coefficients are shown in Table 4. Parental single cross 1 (PI) is 
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Table 4. Phenotypic correlation coefficients between testers for three 
groups of crosses according to Grogan and Zuber (1957) 
(WF9 X Mo22)WF9 segregates^  C103 x 187-2 segregates 
(three replications) (four replications) 
Ear height Yield Ear height Yield 
PI vs P2 .45** .33** .44** .33* 
PI vs DCl .47** .23 .61** .52** 
P2 vs DCl .61** .16 .44** .09 
P1P2 vs DCl .65** .24* .63** .34* 
SC vs DC .76** .46** A73 X N27 segregates 
DCl vs DC2 .38** .28* (four replications) 
P3 vs P4 .46** .17 .24 .35* 
P3 vs DC2 .61** .31 .23 .35* 
P4 vs DC2 .57** .22 .32* .26 
P3P4 vs DC2 .69** .35** .35* .36* 
** significant at the 5% and 1% levels of probability. 
WF9 X 38-11, 1317 x Hy is P2, double cross 1 (DCl) is U.S.13, K4 x B2 
is P3, L3 X G is P4, and Mo8 is DC2. 
These data gave a general indication that single-cross testers 
ranked the segregates mentioned in an order similar to that of the 
double cross for a character like ear height, whereas for a more complex 
-character such as grain yield, the rankings were not as close for single 
crosses and double crosses. 
McGill (1949) obtained a highly significant correlation coefficient 
for yield (r = .81) using testcrosses of 59 early inbred lines each 
crossed to two unrelated single-cross testers, WF9 x 38-11 and 187-2 x 
17 
L317. A similar coefficient (r = ,70) was obtained for 69 late inbreds 
crossed to the same two testers. These results indicate that tester 
stocks such as single crosses provide a better measure of general 
combining ability than many breeders have expected. 
Fifty of the best lines were chosen for further testing with the 
two single-cross testers the following year. Lines from both the early 
and the late groups were included in this test. The two groups of 
testcrosses for the select lines were correlated but the magnitude of 
the correlation coefficient (r = .30) was much less than for the early 
and late groups of lines. The results are recorded in Table 5. 
Table 5. Phenotypic correlation coefficients between testers for three 
groups of lines as shown by McGill (1949) 
Characters 59 early lines 69 late lines 50 selected lines 
Grain yield ,81** ,70** ,30* 
Grain moisture ,70** ,80** ,64** 
Silking date .74** ,67** ,37** 
Root lodging ,73** .69** .37** 
Stalk breakage .73** ,48** .49** 
Plant height ,54** ,49** .26 
Ear height ,56** ,57** .38** 
** Significant at 5% and 1% levels of probability. 
The higher coefficients in the first experiment were within maturity 
groups while the second test included a combination of early and late 
lines. This may explain the differences in correlation. Another factor 
may have been that in the second year the lines were a select group. 
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To study inbred, single-cross, double-cross and variety testers, 
McGill made crosses to a smaller group of inbred lines. They were N6, 
Oh28, D7, R4, N3, N7, and GH7487, The testers were five Inbreds, two 
single crosses, one double cross and two open-pollinated varieties. In 
the case of the varieties and double cross, 20 plants of each were 
crossed to each inbred line. Crosses of 38-11, Hy and L317 to all 
seven inbreds were not obtained. Yield, grain moisture, silking date, 
stalk breakage, root lodging and ear height data were obtained. 
McGill calculated correlation coefficients between each tester 
group and the mean of the seven complete tester groups. These values 
for yield are shown in Table 6. Os426 gave the highest correlation. 
Table 5. Phenotypic correlation coefficients for yield between each 
tester and the mean of seven testers as shown by McGill 
(1949) 
Testers Coefficients of correlation^  (four replications) 
WF9 .84* 
38-11 .67 
Hy .79 
L317 .54 
Os426 .93** 
WF9 X 38-11 . 88** 
Hy X L317 .44 
U.S. 13 .91** 
Krug .74 
Cattle Com .47 
** Significant at 5% and 1% levels of probability. 
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The Krug and Cattle Com varieties showed lower correlation than U.S.13 
and some of its parents. One notices that the parental inbreds and single 
crosses of U.S.13 were each used as tester, U.S.13, parental inbred WF9 
and parental single cross WF9 x 38-11 showed consistency in ranking the 
inbred lines. This would indicate that homogeneous testers such as 
inbreds or single crosses that are good general combiners may be good 
testers for general combining ability. 
Matzinger (1953) evaluated eight unrelated inbred lines by means of 
three types of testers: two unrelated double-cross hybrids, the four 
parental single crosses of the double crosses, and the eight parental 
inbred lines. The two double-cross hybrids were (L289 x 0s420)(B24 x 
Oh28) and (L317 x Hy)(187-2 x WF9). The three tester types exhibited 
similar means in testcrosses. The lines were ranked essentially the 
same with all three tester groups. The two double-cross testers ex­
hibited much less interaction with lines than either the eight inbred 
or four single-cross testers. The tester x line variance components 
indicated that there was less interaction between tester and line as 
the heterogeneity of the tester parent increased. 
For the inbred, single-cross and double-cross testers, the testcross 
means did not vary greatly but the range decreased from inbred to single 
cross to double cross for yield, moisture, stalk and root lodging and ear 
height. The greatest differences observed were among the testcrosses 
which involved the inbred testers. 
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Keller (1949) reported that an unrelated single cross and the 
parental single cross were observed to have â correlation coefficient 
of .17 when used as testers for 92 plants from a single cross, i.e. 
the plants were not ranked In the same order because of variation 
in specific combining ability. From this he concluded that it would 
be desirable to use more than one inbred or single cross as tester and 
it would be better still to use a heterogeneous tester. It was 
considered futile to use an inbred as a tester unless the material being 
tested would be used opposite the inbred tester in hybrids. It was 
recommended that a double-double cross consisting of eight useful inbred 
lines be employed as a general tester instead of an open-pollinated 
variety. Such a tester can be for a given region of adaptation and also 
have less root lodging. 
Beard (1940) evaluated seven inbred lines of corn with three testers 
that included two unrelated single crosses and an" open-pollinated 
variety. He desired to determine whether or not ratings of the inbred 
lines in the two test series agree with respect to the plant height, 
maturity, standing ability, smutted plants and grain yield. There were 
highly significant differences among the inbred entries for all characters 
except maturity at two locations. 
There was good agreement of the single-cross testers with the open-
pollinated variety for plant height, maturity, standing ability, and 
yield, while poorer agreement was observed for smutted plants. Beard 
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concluded the inbred lines may be tested quite accurately in topcross 
combinations with unrelated single crosses. 
The following possibilities and advantages were given by Beard for 
using single crosses to test inbred lines; 
1, Test seed can be made on relatively few ears of the single-
cross tester parent without fear of obtaining "selected ears" or 
unrepresentative samples of germ plasm, 
2, . Test seed of all entries will be essentially uniform in every 
way except genetic constitution, which will favor greater accuracy. 
3, Segregating breeding material can be used as the pollen parent 
to make up seed of the testcross by using the same collection of pollen 
for selfing and crossing. This procedure would permit the earliest 
possible accurate testing of breeding material, 
4, Seed of the tester would always be readily available. Single-
cross testers could be selected on the basis of performance of previous 
single-cross tests with large numbers of inbreds. Selection of a good 
tester on this basis should be easily possible for any area. 
5, The top-cross test, by using a proven single cross as the 
tester, could be used to determine more definitely the genetic 
constitution of the prospective inbreds being tested. Where inbred 
lines possessing specific characters are badly needed, early testing 
with a known hybrid combination rather than with a heterogeneous open-
pollinated variety may shorten the time ordinarily required to Isolate 
the desired Inbred. 
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Green (1948) compared a double-cross hybrid, U.S.35, and an open-
pollinated variety of com. Black's Yellow Dent, as topcross testers. 
Eighty-three plants from each of three single crosses were tested. 
Black's Yellow Dent and U.S.35 did not rank the Fg plants from the three 
single crosses in the same order. Green attributed this discrepancy to 
the fact that the plants were from selected single crosses. Conse­
quently, genes affecting the specific combining ability of U.S.35 were 
of some importance. The suggestion was made that a synthetic variety 
of current usable lines be developed and used as a tester. 
Lonnquist and Rumbaugh (1958) reported that a synthetic, KI, was 
developed from the open-pollinated variety, Krug. The parental variety 
was used as the tester in developing this synthetic. From KI, 31 of 152 
S^  lines were selected, using the single cross WF9 x M14 as a tester, 
and recombined to produce another synthetic, KII. With KI as the source 
material and as the tester, 16 of 121 lines were selected and 
recombined to form KIIA. The 121 lines included 30 of the 31 mentioned 
above plus the selfs of an additional 91 SQ plants from KI, In yield 
tests there was no significant difference between KI and KII, but KIIA 
was 3.5 bushels per acre more productive than KII. 
It was concluded that the parental tester was superior for increasing 
the frequency of genes with positive additive effects. The authors 
stated that lines selected for specific combining ability with WF9 x Ml4 
as tester were random selections for general combining ability. One might 
suspect, however, that the difference in the number of lines going into 
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the synthetic may have been an important factor in the difference in 
performance. Because the same 30 lines from KI were tested with OT9 x 
M14 and KI, the two testers can be compared, A correlation coefficient 
(n = -.08) calculated between the yields of the two groups of test-
crosses did not differ significantly from zero. Therefore, the single 
cross and synthetic did not give similar rankings for the 30 lines. 
Homer, _et , (1963) concluded that an inbred tester was better 
than a broad-base tester, plants of F767 synthetic were evaluated 
with inbred F6 and parental variety F767 over three cycles of recurrent 
selection* The selected lines from each group were crossed to 11 
testers unrelated to the synthetic source material. Yield evaluation 
of these testcrosses indicated an increase in yield from cycle to cycle 
for F6 tested lines whereas there were no consistent increases for 
lines tested with the parental variety. The authors stated that the 
results at one location were responsible for the lack of gain between 
cycle II and cycle III. It is important to note, however, the apparent 
increase in general combining ability using an inbred tester. 
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MATERIALS AND METHODS 
Sampling of Double-Cross and Synthetic Testers 
Iowa Stiff Stalk Synthetic and a double-cross hybrid, Iowa 4652, were 
chosen as sources of tester plants for the experiment outlined here. They 
are heterogeneous maize populations being used as tester parents in 
recurrent selection programs at Iowa State University, Standard procedure 
for recurrent selection programs at Iowa State University necessitates the 
use of tester plants as the seed parent in crosses with S^  plants to be 
evaluated. Seed from all testcrosses (usually 8 to 10) of each S^  plant 
are bulked and entered in performance tests. 
The purpose was to obtain a precise estimate of the variability among 
plants within Iowa Stiff Stalk Synthetic and Iowa 4652, If one SQ plant 
is crossed with n plants in a heterogeneous source, the differences among 
the testcrosses are due only to variation from one parent. In making up 
testcrosses for this experiment it was decided that 25 plants of each of 
the above tester sources be crossed by every SQ plant to obtain a precise 
estimate of the variability within each tester parent. Two major 
difficulties arise with this procedure. It is difficult to pollinate 25 
plants with pollen from one plant, and seed supply per cross may be 
Inadequate for yield trials, because only one ear is available. There­
fore, instead of the procedure usually followed four unrelated single 
crosses were used, each to represent an S^  plant, A single cross with 
two highly inbred parents is homogeneous, i,e. every plant within a single 
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cross population is identical genetically. It was possible to cross 
each of the 25 plants in the tester population to several SQ plants in 
the single-cross population, bulking seed of each tester plant crossed 
with the several single-cross plants. This procedure eliminated the 
difficulties given above. Testcross seed lots of the 25 tester plants 
were kept separate because the purpose was to estimate the variability 
among tester plants as measured by progeny performance. The four single 
crosses used to represent SQ plants were A257 x B50, B42 x Oh43, N22A x 
B54, and N6 x B51, They will be referred to as entries, E^ , E^ , and 
E^ , respectively. 
Hand pollinations were made in 1960 at the Iowa State University 
Agronomy Farm for the 200 experimental entries of this experiment. This 
was accomplished for each of the tester sources in crossing blocks with 
25-plant rows and 13 inches between plants. The double-cross tester 
source, Iowa 4652, was planted on 22 rows, six of the rows with delayed 
planting to insure crossing over the full range of maturity of the tester 
parent. Eight rows each of A257 x B50 and B42 x Oh43 were planted on one 
side of the Iowa 4652, and on the other side, eight rows each of N22A x 
B54 and N6 x B51, Delayed plantings were made of two rows of each single-
cross entry. By crossing 25 different plants (a total of 100 plants when 
considering all four single crosses) from the double-cross tester onto at 
least tvro ears of each single cross, adequate seed for yield testing was 
obtained. The same procedure was followed for the Stiff Stalk Synthetic 
tester source. This strain of Stiff Stalk Synthetic was produced at the 
26 
conclusion of three cycles of reciprocal recurrent selection with Com 
Borer Synthetic #1. 
These testcrosses were hand planted on May 3 and 4, 1961, on the 
Iowa State University Farm near Ankeny, Iowa. A randomized complete 
b l o c k  d e s i g n  w a s  u s e d  w i t h  f o u r  r e p l i c a t i o n s .  E a c h  t e s t  p l o t  w a s  2 x 5  
hills in size with regular procedures for yield trials at Iowa State 
University being followed. Three kernels were planted every 20 inches 
in rows 40 inches apart. The 54 possible plants per plot were thinned 
to 40 plants per plot in June to provide a uniform stand. Farm practices -
employed in-seedbed preparation and cultivation were those considered 
desirable for the production of com in Iowa, The herbicide Atrazine was 
sprayed on the field. Fertilizer at the rate of 240 pounds per acre of 
5-20-10 and 100 pounds per acre of elemental nitrogen was applied. 
Nitrogen deficiency symptoms were observed during the growing season. 
Counts of harvestable plants were recorded for every plot. There 
was very little variation in the number of plants per plot except for 
three plots which had a very low stand count and were considered as 
missing plots for grain yield. All harvesting was performed October 30 
by hand with a harvest cart being used for weighing pounds of ear com 
and sampling for moisture determinations. Grain from a random sample 
of 10 to 12 ears per plot was removed from two kernel rows, mixed, and 
a 1-pint sample taken from this shelled composite. All moisture 
determinations were made with a Tag-Heppenstall electric moisture meter. 
Area moisture conversion tables were used to convert the weight of ear 
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com at the determined moisture content to yield in pounds per plot of 
shelled com at a uniform 15.5% moisture. Because of an error in 
harvesting, data were not available for moisture or yield on six plots; 
therefore, missing plot values were substituted for those plot values. 
Comparison of a Double Cross with Parental and 
Non-Parental Single Crosses as Testers 
The double cross, Iowa 4652, was selected as the heterogeneous tester 
in this study because it is the tester parent in a recurrent selection 
program in which the source material is Krug open-pollinated variety. The 
parental single crosses are WF9 x M14 and B14 x W22, and the non-parental 
single crosses are WF9 x B14, WF9 x W22, M14 x B14, and M14 x W22, As 
explained in the introduction, the purpose of this investigation was to 
compare double cross Iowa 4652 and its parental and non-parental single 
crosses as testers. 
Ideally, the testers would have been compared using Krug SQ plants. 
This would have involved 20 to 25 pollinations from each SQ plant. Instead 
of using Krug plants 22 single crosses of 44 unrelated lines were used. 
Each single cross represented an plant. However, because all 44 lines 
have been through an extensive evaluation program, it may have been 
erroneous to assume that variability among these single crosses was 
comparable to that of a heterogeneous population such as Krug, Use of 
these single-cross entries permitted more than one pollination for each 
testcross because the plants within a particular single cross are essenti-
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ally identical in genotype. The 22 single crosses evaluated in this 
experiment are listed in tables of mean values in Appendix B» 
Hand pollinations were made in 1961 between each of the 22 single-
cross entries and the six possible single crosses and the double-cross 
tester. In the crossing block, 16 plant rows were used. Each of the 
22 entries was grown in one paired-row plot with each of the single-cross 
testers, and in two paired-row plots with the double cross. Ten ears 
were pollinated from each pair of rows involving the single cross testers 
while as many pollinations as possible were made with the double-cross 
tester to sample it adequately. 
Evaluation of these crosses was performed in 1962 at two locations 
in central Iowa, the Iowa State University Agronomy Farms near Ankeny 
and Ames, Ten replications were grown at each location, although one 
replication was not harvested at Ames because of poor soil conditions. 
Each test plot was 2x5 hills with a maximum stand of 40 plants per 
plot. For each of the 22 single cross entries being evaluated there 
were six tester plots grown per replication. Two of these testers were 
Iowa 4652, each from one of the two double-cross pairs in the crossing 
block. Two other testers were WF9 x M14 and B14 x W22, or parental 1 
and parental 2 testers, respectively. One of the tester plots was a 
mixture of 20 seeds from each of the two parental crosses. The sixth 
tester plot was a mixture of 10 seeds from each of the four non-parental 
testers. Therefore the six tester plots for each single cross entry were 
double-cross sample 1 and 2, parental 1, parental 2, parental mixture, 
and non-parental mixture. 
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In the preparation of planting plans, field books, and seed for 
planting, each single cross by tester combination was identified in 
the experimental entry number to permit the determination of individual 
effects in the statistical analysis, A randomized complete block field 
design was used for this experiment. 
The Ames location was hand planted on May 11 and the Ankeny 
location on May 4. No thinning was performed on these plots. Farm 
practices employed in seedbed preparation and weed control were those 
considered desirable for the production of com. The herbicide Atrazine 
was sprayed on the Ankeny field. Fertilizer at the rate of 240 pounds 
per acre of 5-20-10 and 100 pounds per acre of elemental nitrogen was 
applied at Ankeny. At Ames, 200 pounds per acre of 5-20-10 and 60 
pounds per acre of elemental nitrogen were applied. 
Data were taken on these plots for five characters. In August and 
September, plant and ear height were measured to the nearest centimeter. 
Meîisurements were made from the ground to the collar of the top leaf for 
plant height and the node of the top ear for ear height, on 10 guarded 
plants within each plot. Analysis was made on the mean plant and ear 
height for each plot. The harvest date was October 15 at Ankeny and 
October 23 at Ames. At harvest, counts of harvestable plants were made, 
ear com was weighed in pounds, and samples of grain for determining 
moisture percentages were collected for every plot. Analysis of variance 
for stand count showed no appreciable differences among number of plants 
per plot, therefore no further reference will be made to this character. 
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All harvesting was performed by hand, with a harvest cart being used 
for weighing and sampling for moisture determinations. Grain from a 
random sample of 10 to 12 ears was removed from two kernel rows, mixed, 
and a one-pint sample taken from this shelled composite. All moisture 
determinations were made with a Tag-Heppenstall electric moisture meter. 
Area moisture conversion tables were used to convert the plot field 
weight of ear com at the determined moisture content to yield in 
pounds per plot of shelled corn at a uniform 15,5% moisture. 
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EXPERIMENTAL RESULTS 
Sampling of Double-Cross and Synthetic Testers 
Experimental results for the testcrosses grown at Ankeny, Iowa, in 
1961 were satisfactory according to most yield test standards with means 
of 17.4% for grain moisture and 17.7 pounds per plot for grain yield. 
The coefficients of variation for these two characters were 4.5% and 
6.4%. The mean moisture per cent and grain yield for each entry are 
recorded in Appendix A, Table 22. The mean squares and expectations of 
mean squares are presented in Table 7. 
Grain moisture and yield data were analyzed by the standard procedure 
in a randomized complete block design. The analysis of variance contained 
mean squares for Tester Sources, Entries, Sources x Entries, and Tester 
Plants within Testcrosses. The sums of squares attributed to Tester 
Plants within Testcrosses was further partitioned to account for the 
variation among the tester plants within a particular source-by-entry 
cross. The error variance was correspondingly subdivided. 
The error variance was subdivided to determine if the estimates of 
experimental error from the eight groups of crosses could be regarded as 
estimates of a single variance. Bartlett's test for homogeneity of 
variance was performed to determine if the Replications x Tester Plants 
mean squares for the source-by-entry crosses could be pooled. Bartlett's 
test showed that the separate error terms of the tester groups were not 
representative of the same statistical population. Because of this it 
was necessary to make tests of significance for the Tester Plants mean 
Table 7. Analysis of variance of 
Ankeny, Iowa, in 1961 
yield and grain moisture obtained in testcrosses grown at 
Source of variation 
Mean squares' 
P.P. Moisture % Yield (lbs./plot) Expected mean squares 
Replications 
Tester Sources 
Entries 
Tester Sources x Entries 
Tester Plants/Testcrosses 
Tester Plants/SSS crosses 
Tester Plants/SSS,E^  crosses 
Tester Plants/SSS,Eg crosses 
3 
1 
3 
3 
192 
96 
24 
24 
14.21 
215,18** 
50.23** 
5.35* 
2.22** 
2.77** 
1.34* 
4.31** 
175.86 
44.23 
54.58** 
5.39 
2.64** 
2.64** 
2.52** 
3.38** 
®e *RT/SE t^ RSE ' ' ' 
+ Ï'^T/SE ••• 
+ rto^ g + rte*: 
e^ °RT/SE ®^RSE * * ' 
+ r°T/SE + rt*SE 
°e °RT/SE •*" '°T/SE 
®e "RT/1E *^T/1E 
°e °RT/11 '^ T/ll 
2 
T^  
2 
e^ *RT/12 **T/12 
*^, ** F values exceed the 5% and 1% levels of probability. 
Table 7 (Continued) 
Mean squares* 
Source of variation P.P. Moisture % Yield (lbs./plot) Expected mean squares 
Tester Plants/SSS,Eg crosses 24 2,27** 2.69* + „2 RT/13 + '4/13 
Tester Plants/SSS,E^  crosses 24 1.90** 1.98 + 2 
°RT/14 + '"T/U 
Tester Plants/DC crosses 96 1.68** 2.64** < + „2 RT/2E *^T/2E 
Tester Plants/DC,E^  crosses 24 1.21** 1.68** 2 ®e + 
2 
®RT/21 + r°T/21 
Tester Plants/DCaEg crosses 24 2.02** 1.69 
e 
+ „2 
RT/22 "^T/22 
Tester Plants/DC,Eg crosses 24 2.36** 3.83* + „2 RT/23 + rOj/23 
Tester Plants/DC,E^  crosses 24 1.13** 3.44** 2 % + 
2 
*RT/24 **T/24 
Replications x Tester Sources 3 50.26** .49 2 % 
2 
°RT/SE 
+ 1 ^
°RSE 
Replications x Entries 9 1.15 3.06 < + tSORE 
Replications x Sources x Entries 9 .10 1.65 + „2 
°RT/SE 
.  ^2 
+ t*RSE 
Reps. X Tester Plants/Testcrosses 567(570) ^ .62 1.26 2 °e + 
2 
°RT/SE 
V^alues in parentheses are degrees of freedom for yield* 
Table 7 (Continued) 
Source of variation 
Mean squares* 
D.F. Moisture % Yield (lbs./plot) Expected mean squares 
Reps. X Tester Plants/SSS crosses 285(286) 
Reps. X T.P./SSS,E^  crosses 71(71) 
Reps. X T.P./SSSaEg crosses 72(72) 
Reps. X T.P./SSSjE^  crosses 71(71) 
Reps. X T.P./SSS,E^  crosses 71(72) 
Reps. X Tester Plants/DC crosses 282(284) 
Reps. X T.P./DC,EJ^  crosses 70(70) 
Reps. X T.P./DC,Eg crosses 70(71) 
Reps. X T.P./DC,Eg crosses 71(72) 
Reps. X T.P./DC,E^  crosses 71(71) 
.68 
.68 
.66 
.66 
.72 
.56 
.46 
.53 
.74 
.52 
1.24 
.78 
1.28 
1.42 
1.48 
1.29 
.69 
1.30 
1.89 
1.25 
4 + 
" l *  
RT/IE 
2 
RT/11 
RT/12 
2 
RT/13 
2 
RT/14 
RT/2E 
2 
RT/21 
2 
RT/22 
2 
RT/23 
2 
RT/24 
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squares with the eight corresponding error terms rather than pooling them 
to yield a common error term. The error variances for Stiff Stalk 
Synthetic crosses and Iowa 4652 crosses combined over entries were 
homogeneous. 
In determining expectations of mean squares, tester sources were 
considered as fixed effects, while entries and tester plants within 
testcrosses were treated as random. On this mixed model, Satterthwaite's 
approximate F test was used with a "mixed" model to test significance of 
the Tester Sources and Sources x Entries mean squares. Snedecor's F was 
used to test the Entries and Tester Plants mean squares. 
This experiment gave evidence that there were highly significant 
differences among the four single crosses which were being tested (mean 
square for Entries), Since the purpose of this yield trial was to 
measure the variability among plants in the tester populations, 
differences among the single-cross entries are relatively unimportant 
" 2  
except in interpreting the differences in magnitude of o^ ygg for each 
single-cross entry. 
The difference between the means for the double-cross and synthetic 
testcross hybrids (mean square for Tester Sources) was significant at the 
1% level of probability for moisture per cent but non-significant for 
grain yield. This suggests that these F^  testcrosses were of approximately 
the same vigor under the conditions in which they were grown, but that 
maturity differences as measured by percentage of moisture in the grain 
were detectable. Green (1948) suggests that in testcrosses the difference 
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between a synthetic and a double cross is small and difficult to measure 
with four replications in an experiment. The four single crosses which 
were chosen for this experiment may have masked differences between the 
synthetic and double-cross populations because of the effect of dominant 
yield genes in the single crosses. The average yield genotype of each 
25-plant sample when testcrossed may have been very similar for both 
tester populations. 
No differences were indicated for the Tester Source x Entries inter­
action with regard to grain yield although there was significance with 
regard to moisture per cent. 
Most sources of variation among the tester plants within the eight 
testcross groups were significant. Differences among tester plants were 
significant at the 1% level of probability for grain moisture except for 
the (A257 x B50) x Stiff Stalk Synthetic testcross group where significance 
was at the 5% level of probability. No significant yield differences were 
found among tester plants within the (N6 x B51) x Stiff Stalk Synthetic or 
the (B42 X Oh43) x la 4652 testcrosses. Yield differences among the (N22A 
X B54) X Stiff Stalk Synthetic and (N22A x B54) x la 4652 tester plants 
were significant at the 5% level of probability. The other four groups of 
testcrosses had highly significant differences among the tester plants. 
The variation among tester plants is of major interest in this experi­
ment. The variance component estimates which contribute to the 
variability among tester plants are listed in Table 8, These values were 
calculated by equating the observed and expected mean squares from Table 7 
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Table 8. Tester plant and error components of variance for eight 
testcross comparisons 
Grain moisture Grain yield 
Hybrid aj 
Stiff Stalk Synthetic 
X (A257 X B50) .169 .68 ,435 .78 
X (B42 X Oh43) .912 .66 .525 1.28 
X (N22A X B54) .402 .66 .318 1.42 
X (N6 X B51) .295 .72 .125 1.48 
Combined .522 .68 .400 1.24 
Iowa 4652 
X (A257 X B50) .188 .46 .222 .69 
X (B42 X Oh43) .372 .53 .098 1.30 
X (N22A X B54) .405 .74 .485 1.89 
X <N6 X B51) .152 .52 .548 1.25 
Combined .280 .56 .338 1.29 
Overall .400 .62 .345 1.26 
a"2 _ "2 
T °T/SE* 
b%2 %2 . :2 
° e RT/SE* 
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and solving the equations. It is evident that in all cases except one 
the tester plant variance component is smaller than the corresponding 
variability attributed to random error. This contrast is greater for 
yield than for grain moisture. From these figures it is possible to 
surmise that the variability among plants within the two testers is of 
a lesser magnitude than the variability associated with error in 
conducting such yield test experiments. The crosses involving A257 x B50 
had a smaller error term with both tester sources for yield which indi­
cates that this single cross may perform consistently in hybrids. 
The source of variation which is of major interest in this experi­
ment is the variation among tester plants from Stiff Stalk Synthetic and 
Iowa 4652 as measured in the testcross performance with the four single-
cross entries. The component estimates in Table 8 were used in 
determining the number of tester plants necessary per testcross to reduce 
the variability contributed by the tester parent to an insignificant 
amount when compared with the variability of the material being evaluated. 
Let us consider any evaluation trial where the tester parent is a 
heterogeneous stock, the variance among entries (SQ plants being 
2 
evaluated), a^ , may be confounded with a sampling variability among 
2 individual plants of the tester, and an experimental error variance, 
2 
o . Because one desires to estimate the variability among a given set of 
2 
entries as closely as possible, the true variance, o , can be compared 
2 °T 
with its estimate. cr„ + — + —in variance ratio A; 
' E n  r  
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'4 
——TZ 75- X 100 
where n = the number of tester plants per testcross 
and r = the number of replications. 
For this thesis one may set 
"2 "2 
"T ° "I/SE 
AA Am 
* " *e + 'll/SE 
as shown in Table 8. 
To calculate the variance ratio Â for each population, component 
2 
estimates were obtained from several sources. Since is defined as 
the variance among entries being tested, the value 0*50 was used as a 
*2 
constant value of for all populations. This value was obtained for 
the 22 entries tested with Iowa 4652 and its parental and non-parental 
single crosses from Table 16. The estimates of variance among tester 
*2 plants, o^ , are those listed in Table 8. The number of tester plants, 
IÏ, was varied from 1 to 50 with an asymptotic approach to •». The range 
of _r was from 1 to 10. The error variances, o , associated with each 
population were used. A constant error, 2.0, based on a typical Com 
Belt yield trial with mean of 17.5 pounds per plot and coefficient of 
variability of 7.7% was also used. Results obtained with the constant 
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error are not presented because of close agreement with results involving 
the population errors. The values were graphed with n on the abscissa and 
variance ratio A on the ordinate. If variance ratio A equaled one, was 
perfectly estimated, i.e. no variability due to either inadequate sampling 
of the tester population or incomplete replication in yield trials was 
*2 hidden in a^ . 
Alternatively, another procedure is presented here. It is similar to 
that presented by Sprague (1939) and is useful in comparing the data in 
this thesis with his data. It is possible to construct a variance which 
may be identified by the formula; 
"2 
;2 + fr 
n 
where n is the number of tester plants per testcross. This variance is 
not comparable to the mean squares in the analysis of variance, but is 
indicative of the variability that is attributed to the tester parent and 
varies as the number of plants which are crossed individually. Because 
this is not an actual testcross variance, the number of replications, r;, 
is not included. 
The recalculated variances were presented as a per cent above error 
and called variance ratio B: 
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Values were calculated using this formula with n ranging from one through 
». The error variance is held constant as n changes. These values were 
graphed with n on the abscissa and ratio B on the ordinate. Observation 
was used to determine the value of n at which the change in ratio B becomes 
very small. 
Variance ratios A and B were calculated for grain moisture and yield 
for Iowa 4652 and Stiff Stalk Synthetic, each with the four single crosses. 
Similar values were obtained for averages over single-cross entries and 
the two tester sources. 
Figures 1 and 2 give variance ratios A and B of grain moisture and 
yield, respectively, for all Stiff Stalk Synthetic and Iowa 4652 crosses. 
Although a continued increase in n will raise the value of variance ratio 
A, a number larger than five tester plants does not give appreciable 
gain. This fact is the foremost conclusion of this study. This appears 
to be true for both moisture and yield, although increases in n have a 
greater effect on variance ratio A for yield. 
With a larger error such as for yield the importance of tester plant 
variability and n increase with the number of replications. Since the 
number of replications, _r, enters the formula for ratio A, graphs of _r 
equal 1, 4, 6 and 10 are shown in Figures 1 and 2. Because of smaller 
error variances, replications do not have as much effect for moisture as 
for yield. Very little increase in ratio A for moisture can be observed 
in Figure 1 as replications vary from four to 10; however, there is a 
substantial increase for ratio A as r is increased from one to four. In 
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Figure 1. Variance ratios A and B of grain moisture per cent for pooled 
crosses of Stiff Stalk Synthetic and Iowa 4652 populations 
each with four single crosses 
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Figure 2i Variance ratios A and B of grain yield for pooled crosses 
of Stiff Stalk Synthetic and Iowa 4652 populations each 
with four single crosses 
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contrast, it is evident from Figure 2 that there is a substantial increase 
for variance ratio A as r is increased from four to 10 for yield. The 
curves are quite similar in that any value of n greater than five has only 
minor effect on variance ratio A. It must be noted, however, that as _r 
*2 increases the importance of o^ /n also increases. Because of the simi­
larities among the curves for % equal 4, 6 and 10 and the physical and 
economical limitations for extra replication in yield trials, the number 
of replications was set at six for further calculations involving variance 
ratio A, 
Variance ratio B is intended to substantiate findings with ratio A 
and also to compare closely with the work reported by Sprague (1939), 
Wassom and Kalton (1958) and others. For variance ratio B in Figures 1 
and 2, five tester plants seems adequate for both moisture and yield. 
This value agrees with that for ratio A, One also notes that the magnitude 
*2 
of is comparable for moisture and yield and the yield error variance is 
*2 larger, therefore, is relatively more important for moisture. 
Figures 3 and 4 allow one to compare the two tester populations each 
in combination with the same four single-cross entries. For moisture per 
cent the synthetic population is approximately 30% greater for variance 
ratio A and requires five tester plants compared to two or three plants 
for Iowa 4652, Stiff Stalk Synthetic also had the highest values for 
variance ratio B but the difference was not as great as for ratio A, From 
the graphs for ratio B one would conclude that six and seven tester plants 
would be necessary, respectively, for the double cross and synthetic. The 
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Figure 3. Variance ratios A and B of grain moisture per cent for Stiff 
Stalk Synthethic and Iowa 4652 populations each in pooled 
crosses with four single crosses 
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Figure 4. Variance ratios A and B of grain yield for Stiff Stalk 
Synthetic and Iowa 4652 populations each in pooled crosses 
with four single crosses 
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yield results presented for the two populations in Figure 4 show a 
remarkable agreement for both variance ratios A and B. One can easily 
conclude that four or five tester plants would be a representative sample 
of either population when grain yield is the character under study. A 
summary of the conclusions drawn from Figures 1 through 4 is shown in 
Table 9. 
Table 9. A summary of the number of tester plants estimated by 
variance ratios A and B in Figures 1 through 4 
Grain moisture Grain yield 
A B A B 
Stiff Stalk Synthetic 5 7 4.5 4.5 
Iowa 4652 2.5 6 4.5 4.5 
Combined 5 5 5 5 
Figures 5 through 12 are the graphs of variance ratios A and B for 
grain moisture per cent and grain yield of the two populations as 
evaluated by A257 x B50, B42 x Oh43, N22A x B54 and N6 x B51. Figure 5 
shows the two populations to be very similar for grain moisture in the 
A257 X B50 crosses. Variance ratio A indicates that four plants provide 
an adequate sample whereas five or six are needed according to ratio B. 
For grain yield the curves are not as similar although both ratios 
indicate that five plants provide the necessary sample of either popu­
lation in Figure 6. 
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Figure 5« Variance ratios A and B of grain moisture per cent for 
Stiff Stalk Synthetic and Iowa 4652 populations crossed 
with A257 x B50 
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Figure 6, Variance ratios A and B of grain yield for Stiff Stalk 
Synthetic and Iowa 4652 populations crossed with A257 x 
B50 
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Figure 7. Variance ratios A and B of grain moisture per cent for 
Stiff Stalk Synthetic and Iowa 4652 populations crossed 
with B42 X Oh43 
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Figure 8. Variance ratios A and B of grain yield for Stiff Stalk 
Synthetic and Iowa 4652 populations crossed with B42 x Oh43 
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Figure 9. Variance ratios A and B of grain moisture per cent for 
Stiff Stalk Synthetic and Iowa 4652 populations crossed 
with N22A x B54 
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Figure 10. Variance ratios A and B of grain yield for Stiff Stalk 
Synthetic and Iowa 4652 populations crossed with N22A x 
B54 
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Figure 11. Variance ratios A and B of grain moisture per cent for 
Stiff Stalk Synthetic and Iowa 4652 populations crossed 
with N6 X B51 
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Figure 12. Variance ratios A and B of grain yield for Stiff Stalk 
Synthetic C. and Iowa 4652 populations crossed with 
N6 X B51 
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Figure 7 contains the summary of values for the only cross combi-
nation with a value of that is greater than a , The effect of this 
large variability among tester plants within the synthetic population 
crosses to B42 x Oh43 is readily observed for moisture per cent in both 
ratios A and B. At least six plants appear necessary in samples of 
Stiff Stalk Synthetic although four plants of Iowa 4652 are a minimum 
with ratio A, From the graphs of ratio B one concludes that 10 plants 
of Stiff Stalk and seven plants of Iowa 4652 must be included in the 
sample for testcrossing to B42 x Oh43. Variance ratio A in Figure 8 
suggest that four or five plants of either population must be crossed 
to B42 X Oh43 in yield determinations. As shown by the graph of variance 
ratio B, two or three plants are sufficient for Iowa 4652, but the 
synthetic requires approximately five plant crosses. 
In Figures 9 and 10 for N22A x B54 crosses there is close agreement 
for synthetic and double-cross populations. For ratio A grain moisture 
determinations indicate that four plants of either population make a 
satisfactory sample although at least six tester plants must be used in 
crosses according to ratio B, For grain yield five plants are adequate 
for either population. Figure 10 shows this to be true for variance 
ratios A and B. 
Three tester plants of either population are required for crossing 
with N6 X B51 as shown in the ratio A graph for grain moisture per cent. 
Figure 11 also indicates that five plants are suggested in the ratio B 
graph. The grain yield results in Figure 12 are unusual in that the ratio 
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A curve for Iowa 4652 crosses the curve for Stiff Stalk, Ratios A and B 
gave similar results for the two populations. Three tester plants were 
adequate for sampling Stiff Stalk Synthetic and six were needed for Iowa 
4652. A summary of the conclusions drawn from Figures 5 through 12 is 
shown in Table 10. 
Table 10. A summary of the number of tester plants estimated by 
variance ratios A and B in Figures 5 through 12 
Grain moisture Grain yield 
A B A B_ 
Stiff Stalk Synthetic 
X (A257 X B50) 4 5 5 5 
X (B42 X Oh43) 6 10 4 5 
X (N22A X B54) 4 6 5 5 
X (N6 X BSD 3 5 3 3 
Mean 4 6 4 4.5 
Iowa 4652 
X (A257 X B50) 4 5 5 5 
X (B42 X Oh43) 4 7 6 2 
X (N22A X B54) 4 6 5 5 
X (N6 X B51) 3 5 6 6 
Mean 4 6 5 4.5 
Mean of two populations 4 6 4.5 4.5 
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The results In Table 10 indicate that from four to six plants 
provide a representative sample of either population in testcrosses 
with SQ plants or single crosses such as the four used. The results 
may have been biased by the single crosses used as substitutes for SQ 
plants. The parent inbred lines are probably better than a random 
sample in combining ability. Consequently, it is possible that the 
single crosses had some masking effects which would not permit the 
same expression of variability among the testcrosses. The two tester 
sources might have given different estimates if untested SQ plants had 
been used, as in an early testing or recurrent selection program. 
Variance ratio B is a more conservative estimator of n than is 
ratio A in the case of grain moisture per cent. No real difference is 
evident for the two ratios for yield. Good agreement was obtained for 
the synthetic and double-cross population when one compares the means 
over single crosses. The values were consistently four to six. The 
agreement between moisture and yield is also encouraging. 
Results obtained from the pooled variance components gave similar 
estimates of tester plant number except for the 2.5 for Iowa 4652 as 
shown in Table 9. Other than this, values were consistent especially 
when one considers the lack of homogeneity among individual error 
variances. 
An example relating to this experiment whereby breeders have applied 
results obtained with two populations to many other populations is the 
report by Sprague (1939). Table 11 contains the analysis of variance 
Table 11. Analysis of variance and expected mean squares for two experiments reported by 
Sprague (1939) 
Experiment A (Reid) Experiment B (Krug) 
P.P. M.S.8 D.F» M.S. Expected mean squares 
Replications 14 9.67 14 34.71 
Entries 1 6.61 5 23.96** < + ®RT/E ®^RE *°T/E ^^ ®E 
Testers/Entries 38 9.99** 114 2.79** <,2 
e 
+ 
*RT/E "*• ^^ T/E 
Reps X Entries 14 3.03 70 2.91 
e 
+ 
*RT/E *^ *RE 
Reps X Testers/Entries 532 2.10 1596 1.58 < + 1 RT/E 
F values significant at the 1% level of probability. 
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from two experiments which were for two tester populations, Reid Yellow 
Dent and Krug, These open-pollinated varieties have been widely used in 
the Com Belt. These data are as reported by Sprague except the sources 
of variation have been renamed to agree with the terminology of this 
experiment and the expectations of mean squares are included. At the 
time of this earlier report, variance components were not in general use. 
Through the use of this method of partitioning variability, it is 
possible to compare the results of testcross experiments having open-
pollinated varieties as tester parents with the synthetic variety and 
double-cross hybrid testers reported here. 
To supplement the data in this thesis, the results from numerous 
yield trial experiments conducted at the Iowa Agricultural Experiment 
Station are included. The data are recorded in annual reports of the 
com breeding project. The purpose of using such information is to ' 
determine if variability among other populations is comparable to that 
found in the two populations used in this experiment. 
Each population from the annual reports has been studied with 
recurrent selection procedures. Plants (n =» 103) from the third-cycle 
population of two open-pollinated varieties, Lancaster and Kolkmeier, 
were testcrossed to inbred Hy, The 103 testcrosses for each population 
were evaluated in 1960 with three replications at two locations. One 
replication for Kolkmeier was discarded. The highest yielding 72 test-
crosses of each population were grown again in 1961 with three 
replications at two locations. Also, 91 plants from third-cycle 
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populations of variety Alph and single cross WF9 x B7 were testcrossed 
with inbred B14, and each was evaluated with two replications at four 
locations in 1963, In addition, the variability within populations 
of two single crosses, B39 x B44 and C13IÂ x C103, was measured in test-
crosses of each to both single crosses as testers. Ninety-one 
testcrosses in each of four groups were grown in three replications at 
two locations for 1961 and 1962, 
Listings of tester plant variance components and error variances 
for 10 populations are shown in Table 12. These include components for 
Reid Yellow Dent and Krug as reported by Sprague (1939), Calculations 
were made from the analysis of variance in Table 11. Each of the other 
populations listed were crossed with specific (Inbred or single cross) 
testers and evaluated in cooperative yield tests of Iowa State University 
" 2  
and the United States Department of Agriculture, The values of range 
from .081 for Krug to 1,351 for Kolkmeier, The error terms range from 
,78 for (WF9 x B7)Cg to 5,52 for Kolkmeier, Although there is variability 
among the values with the tester variance and error variance, it is 
important in interpreting the results of these experiments to note that 
*2 '^ 2 is smaller than a for every population. 
All calculations in Figures 13 through 17 are for grain yield, 
*2 "2 
Figure 13 Includes variance ratios A and B determined with and a for 
two open-pollinated varieties of com, Reid Yellow Dent and Krug. Esti­
mates of ratios A and B for the Krug variety are consistent. The graphs 
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Table 12, Tester plant components and error 
grain yield for ten populations 
components of variance of 
Population ,2 
Reid .526 2.10 
Krug .081 1.58 
Lancaster .658 3.12 
Kolkmeier 1.351 5.52 
(WF9 X B7) .135 .78 
Alph C3 .415 1.26 
(B39 X B44)F2 
X (B39 X B44) .500 .99 
X (C131A X C103) .580 1.50 
(C131A X C103)F2 
X (B39 X B44) .340 2.07 
X (C131A X C103) .580 1.23 
of these indicate three plants of Krug are a sufficient sample when lines 
from the parent variety are being tested. Six plants are optimum for 
Reid Yellow Dent as indicated by ratio A. Five appear to be satisfactory 
according to ratio B. 
Two third cycle synthetics from Lancaster and Kolkmeier varieties 
were each evaluated by inbred Hy. Figure 14 includes the graphed values 
of variance ratios A and B for these two populations. The curves for each 
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Figure 13, Variance ratios A and B of grain yield for Reid Yellow 
Dent and Krug populations each crossed with the parental 
variety (Sprague, 1939) 
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Figure 14« Variance ratios A and B of grain yield for Lancaster 
and Kolkmeler populations each crossed with Hy 
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Figure 15. Variance ratios A and B of grain yield for (WF9 x B?)^  ^
and Alph populations each crossed with B14 
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Figure 16, Variance ratios A and B of grain yield for (B39 x B44)F_ 
and (CI31A x C103)F- populations each crossed with 
B39 X B44 
67 
I CI3IA X CI03) Fè 
(B39XB44) Fp 
Oo 
Figure 17. Variance ratios A and B of grain yield for (B39 x B44)F, 
and (CI31A x C103)F_ populations each crossed with ' 
CI31A X C103 
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variety suggest that five téster plants is as large a sample as is 
necessary. Ratios A and B are consistent in this estimation* 
Figure 15 also includes ratios A and B for two third cycle synthetics 
of WF9 X B7 and Alph each crossed with inbred B14. Variance ratio A 
indicates that five plants make an optimum number of testers for (WF9 x 
BT^ Cg* however, four are sufficient for ratio B, The variety Alph has 
relatively more variability among tester plants and therefore at least 
seven plants must be used in testcrosses as is evident from the ratio A 
curve* However, no more than five plants need to be testcrossed according 
to ratio B* 
Figures 16 and 17 compare two F^  populations as they were crossed to 
each parental single cross* The crosses to B39 x B44 in Figure 16 indicate 
wide differences between the two populations whereas the crosses with 
CI31A X C103 in Figure 17 are quite similar. Variance ratio A for (B39 x 
B44)F2 in Figure 16 gave indication that about 10 plants would need to be 
the sample size. Ratio B results can be interpreted to mean that eight 
plants are adequate. For (CI31A x ClOSjFg five plants appear to be an 
optimum number when included in testcrosses. The values in Figure 17 for 
variance ratio A level off only when eight or more tester plants have been 
used. The values for ratio B also indicate that approximately eight 
plants are necessary to sample these two populations when crossed with 
CI31A X C103* 
A summary of the conclusions drawn from Figures 13 through 17 are 
presented in Table 13. The similarity of these means with those for Stiff 
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Table 13. A summary of the number of tester plants from Figures 13 
through 17 
Variance ratio A Variance ratio B 
Reid 6 5 
Krug 3 3 
Lancaster 5 5 
Kolkmeier 5 5 
(WF9 X B7)C2 5 4 
Alph Cg 7 5 
(B39 X B44)F2 9 8 
(CI31A X C103)F2 6 6 
Mean 6 4 
Stalk Synthetic and Iowa 4652 is striking. Variance ratio A appears to 
be a more conservative test than ratio B for determining number of tester 
plants within these eight populations. Ratio B tended to be the most 
conservative for the synthetic and double-cross material, especially with 
moisture calculations. 
One would expect to find tremendous variability among the populations 
studied. The range for ratio A is from three plants for Krug to nine 
plants for (B39 x 644)?^ . The fact that Krug, an open-pollinated variety, 
is compared with an population undoubtedly influenced the differences 
in variability. Another factor must be that plants within each of the two 
populations were crossed to the parental variety or single cross. The 
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other material involves synthetic populations from numerous sources• 
The optimum number of tester plants estimated from each of these 
populations does not vary greatly from five. 
One must emphasize that the estimates of optimum number of tester 
plants are based only on observation of the graphs. Other observers 
may make different estimates. It would be desirable to have a statisti­
cal procedure for estimating the value of n at which the slope of the 
ratio cuirve levels off. No method appears to be applicable to this 
exact situation. 
Comparison of a Double Cross with Parental and 
Non-Parental Single Crosses as Testers 
Experimental results for the testcrosses grown at Ankeny and Ames, 
Iowa, in 1962 were satisfactory according to most yield test standards 
with grand means of 220 cm., 105 cm,, 22.8%, and 18.4 pounds per plot 
and coefficients of variation of 2.9%, 5.9%, 5.6%, and 7.7% for plant 
height, ear height, grain moisture per cent and grain yield, respectively. 
The means for each entry are recorded in Appendix B, Tables 31 through 42. 
Analyses of variance were performed individually for the Ankeny and 
Ames locations and combined over the two locations for plant height, ear 
height, grain moisture, and grain yield (adjusted). Following the format 
of the randomized complete blocks design, the Treatments mean square was 
subdivided into Entries, Testers, and Entries x Testers. Replications x 
Treatments (Error) was subdivided correspondingly for the individual 
location experiments. A similar subdivision was performed for the combined 
71 
analysis with Replications being partitioned into Locations and 
Replications within Locations. Also the corresponding subdivision of 
Error was made. 
One Important factor is the mean square variability associated 
with the 22 single-cross entries. In the Individual location analyses 
and in the combined analysis the Entries mean square was significant at 
the 1% level of probability for the four characters, plant height, ear 
height, grain moisture, and grain yield, as can be seen from the analyses 
of variance in Tables 14, 15 and 16. The presence of an Interaction of 
locations and entries is Indicated in Table 16 for all characters with 
the exception of yield. 
Of much more Importance in these analyses are the mean squares 
associated with the six testers. The Testers mean squares in Table 16 
show that there were differences among the testers which were significant 
at the 1% level of probability for the plant height and ear height 
measurements and non-significant for the grain moisture and grain yield 
characters. This is indicative of the greater complexity of genetic 
factors controlling moisture and yield compared to lesser complexity of 
plant and ear height Inheritance. The only discrepancy from this trend 
among the six testers was the highly significant mean square for grain 
moisture per cent in the Ankeny experiment as presented in Table 14. 
This difference between the two experiments is also shown by the highly 
significant mean square in Table 16 for Locations x Testers. 
Table 14. Analysis of variance for evaluation of 22 unrelated single crosses with Iowa 4652, 
parental and non-parental single crosses as testers grown at Ankeny, Iowa, in 1962 
Mean squares 
Source D.F. Plant height® Ear height Moisture Yield Expected mean squares 
Replications 9 725** 2118** 185.7** 77.2** 
Entries(S.C.'s) 21 2216** 1909** 136.8** 32.0** 
"l * 
Testers 5 1344** 527** 12.5** 2.4 ®e °RET ®®RT * * * 
+ + re^  
Entries x Testers 105 52 62* 2.4 3.2 
"l * "KT + 
Reps. X Entries 189 45** 47* 2.6** 2.6** "e + "L 
Reps* X Testers 45 33 22 2.2 1.2 2 . 2  .  2  
"e "RET ®®RT 
Error 945 35 39 1.9 2.0 _2 . 2 
e RET 
** F values exceed 5% and 1% level of probability. 
Table 15. Analysis 
parental 
of variance for evaluation of 22 unrelated single crosses with Iowa 4652, 
and non-parental single crosses as testers grown at Ames, Iowa, in 1962 
Source 
Replications 
Entries 
Testers 
Entries x Testers 
Reps. X Entries 
Reps. X Testers 
Error 
8 
21 
105 
168 
40 
840 
Mean squares 
D.F. Plant height^  Ear height Moisture Yield Expected mean squares 
3736** 
2618** 
1427** 
93** 
59* 
58 
46 
3247** 
2373** 
473** 
63* 
48* 
48 
38 
169.3** 379.1** 
92.5** 31.9** + to^  + rto* G KiS J2i 
1.8 2.6 4^ ••• 
+ + re^  
1.9» 2.9 cl + 
1.4 2.3 
1.5 2.6 .2 + 
1-2 2.1 al + 
*^, ** F values exceed 5% and 1% level of probability. 
Table 16. Analysis of variance for evaluation of 22 unrelated single crosses with Iowa 4652, 
parental and non-parental single crosses as testers grown at Ankeny and Ames, Iowa, 
in 1962 
Source 
Locations 
Replications/Locs. 
Entries 
Mean squares 
P.P. Plant height* Ear height Moisture Yield Expected mean squares 
1 
17 
21 
11932** 
2142** 
4741** 
0 3458.6** 800.4** 
2649** 178.0** 219.3** 
4169** 220.2** 60.2** + to.^  
e R^ E ^^ °LE • ' ' 
Testers 
Entries x Testers 105 
2720** 
104** 
964** 
77** 
7.8 
2.7** 
+ rltog 
"e + ' 
+ '"'Li + ""m ••• 
+ rlOgp + rleKy 
4.3** + (y 
e R^ ET ^^ LET"' 
+ rlo, 
ET 
*^, ** F values exceed 5% and 1% level of probability 
Table 16 (Continued) 
Mean squares 
Source D«F, Plant height^  Ear height Moisture Yield Expected mean squares 
Locations x Ent. 21 92* 113** 9.0** 3.7 + ta^  „ + rto^ T? 6 K- Ci Ltht 
Locations x Test, 5 51 36 6,6** 4.0 + °^ eT ^  *'* 
^^ LET G^&LT 
Locs. X Ent. X Tes. 105 41 47 1.5 1.8 + ro^ ET 
2 
V 
e • "R^ ET • """R^ T 
2 
e R^ ET 
Reps. X Entries 357 52* 47* 2.0** 2.5* + ta^  
e 
Reps, X Testers 85 45 34 1.9 1.9 + eo^  
Error 1785 41 38 1.6 2.0 + a.^  
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The combined analysis showed that the six tester types did not 
perform the same with each of the 22 entries in crosses. This can be 
observed from the Entries x Testers mean squares in Table 16 which 
show differences to be significant at the 1% level of probability for 
all four characters. The Locations x Entries x Testers mean squares 
in Table 16 were non-significant. 
The mean squares for the subdivided experimental error (Replications 
X Entries, Replications x Testers, and Error) are presented in Tables 14, 
15 and 16. Significance was found to exist for all Replications x 
Entries mean squares except moisture and yield at the Ames location. In 
no case was an interaction of Replications x Testers found to be 
significant; therefore in calculations involving variance components, 
2 R^T assumed to be equal to zero. Since there was reason to subdivide 
the error, no pooling of non-significant or significant mean squares was 
done. 
In obtaining mean square expectations, the 22 single-cross entries 
were considered a random sample of genotypes which could be evaluated. 
Because of the fact that the testers were all constituted from the inbred 
lines, WF9, M14, B14, and W22, testers were considered fixed. 
The purpose of this experiment was to make comparisons between the 
four single-cross testers and the two samples of the double cross tester. 
Since 17 orthogonal and non-orthogonal comparisons were of interest, these 
single degree of freedom subdivisions of the Testers sums of squares were 
made for the 12 analyses of variance (four characters at two locations 
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separately and combined). To obtain these comparison sums of squares 
plus the corresponding partition of the Entries x Testers sums of squares 
for making tests of significance, a 39 x 132 "X" matrix was submitted to 
a least squares regression analysis on the IBM 7074 electronic computer 
at the Iowa State University Computation Center. The 39 columns 
correspond to the 21 degrees of freedom for Entries, one degree of 
freedom for the total over all Entries and 17 for the comparisons. The 
132 rows in the "X" matrix correspond to the 22 entries x 5 testers or 
132 treatment combinations within each replication. This matrix together 
with the observed data provided each of the 12 analyses with least squares 
estimates (sum of squares due to regression) for Entries, Testers (from 
the sum of five orthogonal comparisons), a partition of Testers into 12 
other (non-orthogonal) comparisons, plus a similar bre?icdown of Entries x 
Testers for each of the 17 comparisons. These comparisons are shown in 
Table 17 as subdivisions of the Testers mean squares. 
Among the comparisons in Table 17 there were very few significant 
comparisons for moisture and yield which is as one would expect from the 
Tester mean squares. For plant and ear height measurements, the largest 
differences among testcrosses were for those involving the two parental 
single-cross testers. These two sets of testcrosses were different from 
each other and from each of the other four testcross groups as indicated 
by the comparisons in Table 17. The mean squares which are consistently 
significant at the 1% level of probability for both the height characters 
are those for vs. (WF9 x M14 vs. B14 x W22 in testcrosses), P^  vs. 
Table 17. Tester comparison mean squares from évaluation of 22 unrelated single crosses with Iowa 
4652, parental and non-parental single crosses as testers grown at Ankeny and Ames, 
Iowa, in 1962 
Mean Squares 
Source D.F. Plant height* Ear height Grain moisture % Yield (lbs,/plot) 
Ankeny Ames Comb. Ankeny Ames Comb» Ankeny Ames Comb. Ankeny Ames Comb. 
Testers 5 1344** 1427** 2720** 527** 473** 964** 12.5** 1.8 7.8 2.4 2.6 1.0 
NP vs rest 1 238** 94 319* 101 7 82 2.8 1.5 4.2 2.8 .4 ,6 
Par. vs DC 1 196 151 347 0 43 17 3.7 5.5 9.1 1.4 .7 2.1 
PM vs P1.P2 1 36 3 31 3 7 10 .0 .8 .3 .0 2,5 1.2 
P^  vs 2^ 1 6076** 6842** 12877** 2435** 2269** 4704** 54.0** .2 25.1* 6.2 3.6 .3 
DC(1) vs DC(2) 1 176 45 25 97 39 8 1.9 1.2 .1 1.3 5.7 .7 
1^*^ 2 vs DC 1 107 110 217 2 24 6 3.3 3.1 6,5 1.1 ,0 .8 
PM vs DC 1 208 107 309 1 45 26 1.8 5.6 6.7 .7 2.9 3.2 
Pj^  vs DC 1 1336** 1536** 2861** 872** 552* 1414** 7.6* 2,9 .7 .3 1.4 ,2 
P2 vs DC 1. 2857** 3171** 6012** 753** 993** 1730** 32.9** 1,4 24.7* 5.4 1.0 1,0 
Pj^  vs PM 1 1949** 1842** 3790** 688** 683** 1369** 12.5* .3 8.7* 1.5 .2 1,4 
Pg vs PM 1 1142** 1584** 2695** 535** 463** 997** 14.5* 1.0 4.2 1.6 5.4 .5 
NP vs DC 1 57 10 58 86 0 40 .4 ,0 .2 4.1 .0 1.9 
NP vs Par 1 364** 171 521** 88 20 98 4.9 3.6 8.4 1.5 .7 .1 
NP vs PM 1 362** 137 478** 75 27 98 2.9 4.3 7.1 1.0 2,6 ,1 
NP vs P1.P2 1 256** 137 387* 68 11 69 4.6 2.2 6.6 1.3 .1 .4 
NP vs 1 631** 974** 1576** 308** 437* 735** 3.3 2.3 .1 5.0 1.4 ,7 
NP vs 2^ 1 2790** 2653** 5442** 1011** 715** 1720** 30.5** 1.1 22.4* .1 .5 ,1 
** F values exceed 5% and 1% level of probability. 
Table 17 (Continued) 
Mean Squares 
Source D.F. Plant height^  Ear height Grain moisture % Yield (lbs./plot) 
Ankenv Ames Comb. Ankenv Ames Comb» Ankenv Ames Comb. Ankenv Ames Comb. 
Entries 
X Testers 105 52 93** 104** 62* 63* 77** 2.4 1.9* 2.7** 3.2* 2.9 4.3** 
E X NP 
vs rest 21 19 68 48 24 67* 43 2.3 1.5 1.8 1.3 1.6 2.0 
E X Par 
vs DC 21 85** 140** 154** 78** 76** 86* 2.4 2.0* 2.7* 2.9 4.6** 5.1** 
E X PM 
vs P.,P2 21 14 65 43 35 33 36 2.0 .7 1.4 4.0** 2.4 4.4** 
E X P: 
vs Pg 21 71** 105** 152** 82** 79** 120** 1.8 2.5** 3.2** 4.8** 4.4** 6.0** 
E X DC(1) 
vs DC(2) 21 71** 86* 122** 89** 57 98** 3.6* 2.6** 4.5** 2.8 1.6 3.8** 
E X P^ iPg 
vs DC 21 82** 112** 134** 77** 62* 76 2.4 1.8* 2.7* 3.0 4.3** 4.9** 
E X PM 
vs DC 21 41 128** 105** 51 66* 66 2.0 1.3 1.8 3.5** 3.6* 4.9** 
E X P^  
va DC 21 75** 155** 167** 69* 83** 90* 1.5 .9 1.4 3.2* 5.2** 5.6** 
E X Pg 
vs DC 21 82** 64 114** 88** 53 82* 3.0* 3.2** 4.3** 4.0** 3.4* 4.9** 
Table 17 (Continued) 
Source D.F. Plant height^  Ear height 
Mean square 
E X 
vs 
E X 
vs 
NP 
NP 
P„ 
Grain moisture % Yield (lbs./plot) 
Ankény Ames COmb. Ankenv Ames Comb. Ankenv Ames Conb. Ankenv Ames Comb. 
E X 
^1 
vs PM 21 24 67 58 39 40 44 1.7 .9 1.3 3.4* 2.3 3.6* 
E X 
^2 
vs PM 21 33 83* 82* 54 49 70 2.2 1.4 2.4 5.0** 3.5* 6.0** 
E X NP 
vs DC 21 22 78* 75* 44 58 58 2.2 to
 
2.4 1.7 2.2 2.8 
E X NP 
vs Par 21 22 78* 54 22 77** 42 2.4 1.2 1.6 1.4 1.9 2.3 
E X NP 
vs PM 21 15 86* 46 27 75** 39 2.6 1.4 1.6 2.1 2.1 3.1* 
E X NP 
vs Pi'Pz 21 24 68 56 23 63* 42 2.1 .9 1.5 1.8 1.9 2.4 
21 
21 
Error(Ankeny) 945 
Error(Ames) 840 
'Error* 
(LxExT) 105 
36 
35 
35 
86* 
69 
46 
82* 
78* 
22 
54 
39 
71* 43 1.0 1.0 .9 2.3 2.5 3.0* 
67* 79 3.1* 1.6 3.0* 2.8 2.6 3.7** 
1.9 2.0 
38 1.2 2.1 
41 47 1.5 1.8 
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DC, vs. DC, vs. PM, Pg vs. PM, NP vs. P^ , and NP vs. P^ . These 
differences were expected to be significant whereas others were not 
because in comparing two of these testers, it is improbable that the 
results will be the same for both if all the inbred lines comprising 
one tester are not included in the other. The NP vs. DC comparison 
showed almost negligible differences for all observations (characters 
and locations). DC(1) vs. DC(2) showed non-significant mean squares 
as did Parentals (P^ , P^ , PM) vs. DC; P^ , Pg vs. DC; and PM vs. DC. 
The only discrepancies from this pattern were the highly significant 
mean squares for plant height of NP vs. Par., NP vs. PM and NP vs. P^ , 
?2 at Ankeny and also in the analysis combined over locations. 
The significant values for Entry x Tester Comparison mean squares 
in Table 17 indicate that the comparisons were not consistent over 
entries. Consequently, each Comparison mean square was tested with 
its own Entry x Comparison mean square. Generally, the Entry x Tester 
Comparison mean squares which showed significance showed no pattern 
over comparisons, locations nor characters. 
A major point to recall in connection with these mean squares is 
that a significant difference among the testcrosses of two tester 
groups does not indicate in what order (or rank) the entries may be 
placed. The remaining tables were designed to check for ranking. 
By observing the mean values of the crosses with each tester type 
it is possible to obtain an indication of how material is ranked by 
single-cross testers compared to their double cross. For the four 
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characters observed, plant height, ear height, moisture and yield, the 
five SQ plants (single crosses) ranked as desirable by the double-cross 
tester samples are listed in Table 18. For plant height, the single 
crosses, B20 x Oh43, OhSlA x B53, B48 x B56, B7 x RlOl and B9A x B50 
were the five shortest selections as measured in crosses with the double-
cross tester. The rankings of these five single crosses as measured by 
the four types of single-cross testers are also listed in Table IB. It 
is interesting to note that the non-parental mixture, parental mixture, 
and the two parentals separately ranked B20 x Oh43 as number one or 
shortest in plant height as did the double-cross tester. 
The consistency of ranking observed for plant height was also noted 
for ear height and grain moisture in which cases all the testers selected 
B20 X Oh43 and B8 x Oh28 as desirable for the respective characters. For 
yield these results were partially realized because while the non-parental 
mixture and Bl4 x W22 (Pg) ranked the double-cross tester choice, Oh41 x 
B57, as highest yielding, the other two tester types ranked this single 
cross as second and fourth. It is also interesting to note that the 
parental mixture ranked the fifth hybrid, B38 x R154, as first and that 
WF9 X M14 (P^ ) ranked the second hybrid, N6 x K150, as first. 
The other rankings as given in Table 18 are also noteworthy. For 
plant height, the third, fourth and fifth single crosses as ranked by the 
double-cross tester were ranked quite differently by the other tester 
types. Relatively close agreement was obtained for ear height and grain 
moisture. The rankings of the single crosses as measured by the four 
Table 18, Ranking by non-parental and parental testers of the top five single crosses as 
ranked by the double cross tester Iowa 4652 at Ankeny and Ames» Iowa» In 1962 
Plant height Mean Moisture Mean 
Entry NP PM 1^ 2^ In cm. Entry NP PM 1^ 2^ In % 
B20 X Oh43 1 1 1 1 211.4 B8 X Oh28 1 1 1 1 20.5 
Oh5lA X B53 2 3 3 4 211.6 A297 X B42 3 4 3 3 20.7 
B48 X B56 8 10 11 9 214.2 B9A X B50 4 2 2 4 20.8 
B7 X RlOl 6 8 8 6 214.3 OhSlA X B53 5 3 4 5 21,5 
B9A X B50 11 12 5 12 214.8 A239 X A257 8 6 6 6 21.9 
Ear height Mean Yield Mean 
Entry NP PM 2^ In cm. Entry NP PM 1^ 2^ In lbs 
B20 X Oh43 1 1 1 1 91.0 Oh41 X B57 1 2 4 1 20.5 
B46 X B55 2 3 7 2 97.8 N6 X K150 2 9 1 4 19.9 
B2 X N25 5 2 8 3 98.8 C103 X 38-11 3 4 11 5 19.8 
B7 X RlOl 3 5 2 4 99.6 N22A X B54 10 6 5 6 19.1 
B9A X B50 11 7 5 8 99.6 B38 X R154 5 1 9 7 19.1 
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types of single-cross testers were only moderately consistent for 
yield. 
Information Is provided about the ranking of the 22 entries by 
the single-cross and double-cross testers with phenotypic correlations 
and confidence limits. These phenotypic correlation coefficients were 
calculated by use of mean squares and mean cross-products from the 132 
totals for each character. The 132 totals of 22 entries with six 
testers were obtained by summing over all replications and also over 
all locations since the Location x Entry x Tester mean squares were non­
significant. Correlations of interest are those between testcross 
results for each of the four single-cross testers and the two double-
cross tester samples. It was assumed that 1.00 minus the correlation 
coefficient between the two samples of the double cross was a measure 
of environmental effect. However, sampling variability may have 
contributed to lack of correlation. The lower confidence limits for 
the DC(1), DC(2) correlation coefficients of each character were computed 
using the "z" transformation technique as outlined by Snedecor (1956), 
pages 173 to 180. If the correlation of a particular single-cross type 
tester with one of the double-cross samples lies below the lower confidence 
limit of the DC(1), DC(2) correlation coefficient, there Is indication 
that the particular single-cross tester being considered does rank the 22 
entries significantly different from the ranking given by the double cross. 
Table 19 includes the phenotypic correlation coefficients between 
types of testers. It was observed that the correlation coefficients 
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Table 19, Phenotypic correlation coefficients and confidence intervais 
for non-parental and parental single-cross testers with 
double-cross tester, Iowa 4652 
NP PM 
Lower confidence 
DC(1) limit at 80% 
probability 
DC(1) 
DC(2) 
.92 
.89 
.88 
.85 
.79 
.85 
.91 
.85 .86 .76 
DC(1) 
DC(2) 
.92 
.90 
.91 
.90 
Ear height 
.88 
.89 
.93 
.87 .88 .79 
DC(1) 
DC(2) 
.95 
.91 
.93 
.95 
Moisture 
.96 
.92 
.90 
.89 .88 .79 
DC(1) 
DC (2) 
.83 
é73 
.65 
.62 
Yield 
.64 
.57* 
.76 
.72 .75 .59 
C^orrelation coefficient lower than DC(1), DC(2) correlation at 
80% level of probability. 
between the two double-cross tester samples were 0.86, 0,88, 0.88 and 
0.75 for plant height, ear height, moisture and yield, respectively. 
The discrepancy of each value from 1.00 was attributed to environment 
since the two double-cross testers are samples of the same population. 
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The 80% confidence limits were determined for all four characters 
since significance was not obtained at higher levels of probability. 
Even at the 80% level no correlation coefficients were significantly 
lower than the respective DC(1), DC(2) value except the DC(2) yield 
correlation of 0.57, 
In general it can be said that the phenotypic correlations between 
single-cross and double-cross testers were not significantly different 
from the correlation between double-cross tester samples for any character 
observed. This leads one to conclude that the variation of SC, DC 
correlation coefficients from 1,00 can be attributed primarily to 
environmental and random chance deviations. It is possible to conclude 
that the single-cross testers were highly correlated with the double-
cross testers, i.e., the material evaluated was ranked very nearly the 
same by both types of testers. The correlation between double-cross 
tester samples may have been no higher because of inadequate sampling 
within either DC(1) or DC(2) when the original crosses were made. It was 
assumed at the outset that DC(1) plus DC(2) constituted an adequate 
sample. 
To verify the results obtained with phenotypic correlations, and to 
avoid the assumption that differences between the double-cross samples 
were due entirely to environmental effects and not limited sampling of 
the double-cross tester in the crossing block, genotypic correlations were 
computed. It was possible to obtain confidence limits for the phenotypic 
correlation coefficients because the distribution of "z" is approximately 
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normal. Since the genotypic correlation coefficients have an unknown, 
complex distribution, one is able to hypothesize about differences among 
these coefficients only by using standard deviations. 
The genotypic correlation coefficients were calculated from the 
same totals as were used for the phenotypic correlations except that the 
Location x Entries terms were included. The mean of the two double-cross 
totals were used. The analysis of covariance used in the calculation of 
the genotypic correlations for each tester type is shown in Table 20, 
The formula for the genotypic correlation coefficient is; 
r 
ëj S 
h 
since by removing genotype x environment components of variance, only 
genotypic components of variance remain for comparison in the correlation 
coefficient. 
Mode and Robinson (1959) have given a formula for obtaining the 
variance of genotypic and genetic correlation coefficients. This formula, 
in the notation of the present experiment, is as follows: 
Table 20. Analysis of covariance with expected mean squares and expected mean cross-products 
S.C. tester D.C. tester 
Source P.P. M.S. E.M.S. M.C.P. S.M.C.P. M.S. E.M.S. 
Location 1 
ii " (g&)i ^  g£ "iJ "(8A)i(8A)j ^  " (8&)j g. Entries 21 M.. M. . o, + !La M.. 4-
Loc. X Ent. 21 ®lj *(g&)i(gA)j °^ (gA)j 
2 
where a represents the genotypic variance among entries tested with tester i, 
®i 
2 
a represents the genotypic variance among entries tested with tester j and 
2 
a represents the genotypic covariance among entries tested with tester i and j 
Bi*j 
if i = NP, PM, P^  and P^  single-cross testers 
and j = mean of the double-cross testers. 
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C0v(0g , Og ) C0V(0g , o ) C0V(0g , G ) 
+ —_L__i_ 8i*1 _ 1^^ 1 
' t^y An A "" *%fy A 
:(*g )(*g ) (*g )(*g g ) (°g )(°g g ) 
i j i i j j i j 
in which: 
^2 1 2(M + 2(8 )2 
= 0^  23 
-2 1 2(M )2 + 2(3 )2 
" as 
1 (M,,)(M,,) + (M )2 + (S )(S ) + (S )2 
Var(a „ ) = — " ii 13 il_ 
g^ gj (1)4 
.n 1 2(M )2 + 2(8)2 
.O . 1 2(M )(M ) + 2(S )(S ) 
 ^ 1 2(M )(M ) + 2(S )(S ) 
where 23 equals the degrees of freedom plus two. 
Correlations between the genotypes of the single-cross testers and 
the double-cross tester can be observed in Table 21 for the four characters. 
Every effort was made to remove all environmental variability from the 
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Table 21. Genotypic correlation coefficients and standard deviations of 
non-parental and parental single-cross testers with double-
cross tester, Iowa 4652 
NP, DC PM, DC DC 2^» DC 
Plant height .97 + .02 .95 ± .04 .90 + .06 .94 + .03 
Ear height .99 + 
m
 
o
 .99 + .03 .97 + .04 .97 + .03 
Moisture .99 + .02 1.00 + .01 .99 ± .01 .96 + .03 
Yield .89 + .06 .81 + .13 .79 + .14 .88 + .08 
phenotypic variances and covariances so that component estimates for the 
testcross genotypes and, thus, genotypic correlation coefficients could 
be obtained. The assumption was made that a true measure of correlation 
between the genotypes of two testcross groups indicates the relationship 
of rankings for the 22 single crosses when environmental differences are 
negligible. 
All correlation values are from 0.90 to 1.00 except the yield figures 
of 0.89, 0.81, 0.79 and 0.88. Identical ranking by a single-cross tester 
and the double-cross tester would be indicated by a correlation near 1.00. 
The standard deviations ranged from 0.01 to 0.06 except for the yield range 
of 0.06 to 0.14. 
Seven of the genotypic correlations fell within one standard deviation 
of unity. The other seven were quite close to 1.00. It is logical to 
conclude that none of the single-cross testers ranked material differently 
than the double-cross tester. 
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It is interesting to note that for ear height and moisture the NP, 
DC correlation plus one standard deviation is 1.02 and 1.01, respectively. 
This value for plant height is 0.99 and for yield is 0.95, therefore the 
non-parental single-cross tester gave rankings approaching identity with 
the double-cross tester. Considering all four characters the values for 
non-parental tester were closer to 1.00 than for other testers as one 
would expect. In spite of this trend, the correlations for PM, P^  and Pg 
were very high. In fact, the upper range for all ear height and moisture 
correlation coefficients Included 1.00» 
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DISCUSSION 
The experimental results reported in this thesis provide information 
about the use of testers for estimating general combining ability. From 
either of the two experiments, one can conclude that a reduced number of 
hand pollinations may be used in preparing testcross seed for each line. 
If all the material mentioned in the sampling experiments were in one 
large experiment, the populations could be considered random Corn Belt 
germ plasm and probability statements made for other populations. It is 
not possible to do that here, but because of the agreement among these 
populations and the wide range of Com Belt material they represent, it 
can be said that from five to six tester plants adequately represent such 
populations in crosses. One must hasten to repeat, however, that this 
information comes from an average of experiments where populations were 
considered fixed and inferences from these data must be limited to popu­
lations with a similar range of variability. Therefore, breeders must be 
aware of the testcross variability existing among plants of a population 
which is used as a broad-base tester. There is no reason to believe that 
the populations investigated are generally less variable than other Com 
Belt populations. 
More material can be evaluated with a given amount of labor and 
supplies when testers such as Iowa 4652 and Stiff Stalk Synthetic are 
used. It should be noted however that the number of tester plants used 
depends on the material being tested. Large changes in the variability 
among SQ plants may alter estimates of this number. One receives hints 
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of such alterations when considering the variance ratios for each of the 
four single crosses in the Stiff Stalk and Iowa 4652 experiment. 
The single-cross tester experiments lead one to conclude that single 
crosses of corn may be used as testers in place of some broad-base testers 
such as double crosses. It must be kept in mind that these conclusions 
apply only to the four inbred lines used in this experiment and the Iowa 
4652 permutation of them; however, other sets of testers may perform 
similarly. 
As was expected from genetic knowledge, the mixture of testcrosses 
involving the four non-parental single-cross testers ranked the 22 S^  
plants (single crosses) in an order similar to that for the double cross. 
One could probably obtain a good evaluation of his material by using these 
as testers; however, with the use of all four testers plus two crosses with 
each to insure against loss of an ear due to disease or poor seed set, 
eight crosses would be necessary. This number is not different from that 
used by some breeders with heterogeneous tester parents. In addition, 
handling four lots of tester seed may involve more labor and space than 
would be involved for the double cross. 
It is important to note that the mixture of testcrosses involving 
the two parental single-cross testers gave rankings comparable to that of 
the double cross. This indicates that variation caused by interaction 
o^ng loci (epistasis) is not large enough to be measured. From such 
information one can conclude that whether a single cross is parental or 
non-parental is not the major concern, but the real basis for choosing 
single-cross testers is the inbreds making up these crosses. Although 
for some characters and experiments it was found that an individual single-
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cross tester gave rankings comparable to that of the double cross, the 
inconsistency between the two parental testers for some situations leads 
one to conclude that at least two single-cross testers, or if one prefers, 
four inbred lines in single-cross combination, provide a reasonable test. 
Use of two single-cross testers would necessitate making only two or 
four hand pollinations per entry being tested in preparing testcross seed 
(depending on the risk one wants to take as regards loss of diseased ears, 
etc.).' This can be a considerable saving in labor and space for many 
maize-breeding projects if enough is known about the particular tester 
parents used. It is imperative that one have some knowledge of his tester 
material as regards epistasis, etc. 
It is important to know the effect of epistasis and linkage on genetic 
samples of single-cross and double-cross testers. Without the influence of 
linkage or epistasis, the alleles from the four inbreds will be equally 
represented in gametes from the two parentals, from the four non-parentals, 
and from the double cross. Supposing the alleles from two loci are 
independent, then genes from an individual locus remain in equal pro­
portions among the three classes of testers. Likewise, gametes are in 
equal proportions with complete linkage. With intermediate linkages (10% 
recombinations, etc.) each gametic type is not equally represented even 
though individual alleles are. 
When there is an interaction among genes at different loci, the 
gametic sample from each group, two parentals and four non-parentals, 
would not be expected to equal that for the double cross. This is true 
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for linkage or independence. A gametic sample from all six single-crosses 
includes all the gametic types produced by the double cross « Even though 
a higher frequency of gametes representing the inbred parents would be 
present in such a sample, epistasis would not be expected to cause 
differences between the samples of single-cross and double-cross gametes. 
Linkage would change frequencies but gametic types would be the same as 
with independence. 
Because of the fixed nature of the populations in the sampling 
experiments. it is necessary to consider reports of other populations. 
The data presented by Center and Alexander (1965) were interpreted to 
indicate that as many as 32 tester plants were not a satisfactory sample 
of Com Belt-Southern Synthetic. In light of the much fewer number of 
plants presented for numerous Com Belt populations, further explanation 
is needed to reconcile the apparent disagreement between the two reports. 
Two very different methods were used to estimate the minimum number 
of tester plants for the two groups of material. Center and Alexander 
used means whereas the Com Belt material was measured for variability. 
These methods are not directly comparable because it is axiomatic to all 
studies involving heterogeneity that differences exist among samples of a 
heterogeneous population. The experiments reported here were designed to 
determine the sample size at which the magnitude of differences is not 
appreciably reduced with increased sample size. In contrast, Center and 
Alexander attempted to obtain samples which do not differ significantly 
in testcrosses. They obtain differences with small and large samples. 
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Obtaining differences is a function of the amount of replication. 
Differences can always be found if enough replications are used. 
One of the explanations given by Center and Alexander is that Com 
Belt-Southern Synthetic is extremely variable because of diversity 
among parental lines from the Corn Belt and the South. Except for Reid 
and Krug each population described in this thesis could be less variable 
than a synthetic or open-pollinated variety. The double cross and 
single-cross Fg populations have a limited base. In addition, the other 
populations had all been through three cycles of recurrent selection and 
may have had a reduction in variability. Differences among single-
crosses being tested and their specific combining ability with the tester 
populations may have been contributing factors to the discrepancy between 
the two reports. Even though several dates of pollination were used by 
Center and Alexander, the groupings of early with early may have been an 
important factor in their results. 
Either one of two situations must ultimately exist in heterogeneous 
maize testers. One is that some populations are much more variable in 
test-crosses than others and the number of tester plants used per test-
cross must be adjusted accordingly. An alternative possibility exists that 
tester plant variability of all populations is small relative to normal 
experimental variance and the number of plants per sample can be constant. 
Further experimentation will certainly influence one's opinion about these 
two possibilities. 
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For the single-cross tester experiments the correlation coefficients 
reported in Tables 19 and 21 are higher than similar values reported by 
other workers. In comparing these coefficients with those of Grogan and 
Zuber (1957), it appears that two entirely different groups of values are 
presented, which do not overlap. It is recognized that different double-
cross testers were used and that segregates were evaluated in their 
work instead of unrelated single-cross hybrids; but, because they used 
three or four replications compared to the 19 replications presented in 
this thesis, the differences in magnitude of the correlations must be 
ascribed to the lack of precision in their experiment. It is very important 
that satisfactory replication be employed when one desires to measure small 
differences. An informative study would be to compare both sets of 
material in one experiment. Under such conditions, differences in material 
might be detected in correlation coefficients. 
The very high values in Tables 19 and 21 may be a function of the 22 
single crosses which were used as entries. Even though they were unrelated 
crosses, they were produced from highly selected inbred lines. Crosses of 
selected lines may not have the spread in variance for general combining 
ability that a population of plants would have. Some evidence on this 
can be observed in Table 30 in Appendix B. The range in variability among 
the entries for each tester did not exceed 30% of the mean. More often the 
range was about 15% to 20%. This is a relatively low range in variability 
and may account in part for the high correlations. One ordinarily expects 
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more correlation with a larger range in variability; however, in either 
case the high correlation coefficients are dependent on the increased 
replication. 
One might have expected lower correlations because of significant 
Entry x Tester interactions in Table 17. All four characters showed 
significance. The individual Tester Comparison x Entry interactions were 
more or less random although there was a slight indication toward more 
significance for (Parental Single Cross vs. Double Cross) x Entry inter­
actions. Despite these significant interactions the correlations remained 
high. 
The breeder's choice of tester depends on his knowledge of the 
material available. A breeder will probably prefer to use some type of 
multiline variety for evaluating recurrent selection or early testing 
material. His knowledge of the variety he chooses determines if five 
tester plants are satisfactory for evaluating each line. The data pre­
sented here indicate that such a sample of a double cross or synthetic 
gives results similar to larger samples of heterogeneous populations when 
each is used as tester for the same material. These facts may not apply 
to all com populations but more breeding material can be evaluated with 
a given number of hand pollinations when testers such as Iowa 4652 and 
Stiff Stalk Synthetic are used. 
If a breeder is conducting recurrent selection or other experiments 
with a double-cross tester, he may choose to substitute two unrelated 
single crosses for the double cross. It seems logical to conclude that 
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testers such as two non-parental single crosses would provide an adequate, 
labor-saving set of testcrosses. It would be necessary to include all 
four inbreds in these two tester parents, but either of the two pairs of 
non-parental single crosses could be chosen at random, A breeder should 
use judgment in choosing two single-crosses as testers. These could be 
single crosses of four widely used inbred lines. They wouldn't neces­
sarily have to be the inbreds of a particular double-cross unless one 
wants to substitute single crosses for a double-cross tester currently 
being used. 
Most breeders would reason that a change of the kind proposed would 
lead to more specific testing than use of a heterogeneous tester provides. 
This is possibly true although many breeders are searching for more 
specific combinations and this may be an acceptable trend for general 
combining ability testing. 
Inbreds that are known to be good general combiners are the ones to 
be considered for narrow-base testers. One would expect such lines to 
be more useful as general testers than lines which have shown exceptional 
merit only in a few combinations. It is interesting to note that three 
of the four lines in Iowa 4652 have been very widely used in Corn-Belt 
hybrids. WF9, B14 and M14 can be found in a very high percentage of the 
com hybrids. W22 has not been used so widely. The high general 
combining ability of these lines is in itself a satisfactory reason why 
the single-cross testers involving these lines have given rankings 
comparable to those of the double-cross tester. 
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SUMMARY 
Recurrent selection and other breeding systems that utilize early 
testing procedures involve testcrossing material to an eight or 10 plant 
sample of a broad-base tester. The basis for use of these numbers is a 
report by Sprague (1939) for two open-pollinated varieties. The purpose 
of this thesis was to investigate alternatives to this testcrossing 
technique. 
One alternative investigated concerns a reduction in size of sample 
taken from the tester population for crossing to each SQ plant or line 
being evaluated. Two heterogeneous testers were chosen: a third cycle 
synthetic, Stiff Stalk, and a double cross, Iowa 4652. Each population 
was sampled by crossing 25 plants with plants from a single-cross hybrid. 
This sampling was repeated with three other single crosses, A total of 
200 crosses were grown and evaluated in a yield trial experiment. 
Estimates of the variability within each tester population were 
obtained from the analysis of variance for the experiment. These and 
other components of variance were entered into two variance ratios. They 
are given as: 
" 2 
Variance ratio A = 
Variance ratio B = 
a 
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2 
where is the variance among entries being tested, 
2 is the variance among tester plants, 
2 
a is the error variance, 
n is the number of tester plants, and 
r is the number of replications.. 
These ratios indicate the effect of changes in the number of plants in a 
tester sample on variability within yield tests for general combining 
ability. Graphs were made of n on the abscissa and ratios A and B on the 
ordinate. For yield the value of n at which the ratio curves tended to 
level off was 4,5 as an average for all crosses. There was agreement 
between ratios A and B and unexpected agreement between the heterogeneous 
populations, Iowa 4652 double cross and Stiff Stalk Synthetic, 
Variance component estimates were calculated from the analyses of 
variance presented by Sprague (1939) for two open-pollinated varieties, 
Reid and Krug, and from analyses presented for six populations in the 
annual reports of the com breeding project at Iowa State University, 
Ratios A and B were graphed for each of these tester populations. The 
average values of n obtained for these eight populations were six for 
ratio A and four for ratio B. There was variability among populations 
but not as much as expected. 
The alternative investigated was shown to be satisfactory for the 
material which was used. One would expect that four or five plants are 
an adequate sample of tester populations which have estimates of 
variability similar to those studied. 
102 
Another alternative concerns the use of homogeneous testers such as 
single crosses. No problem of sample size is involved with this type of 
tester. A double-cross hybrid, Iowa 4652, and its two parental and four 
non-parental single crosses were each crossed with 22 unrelated single 
crosses. For each of the 22 groups, crosses to each parental were 
combined into a parental mixture and crosses to each non-parental formed 
a non-parental mixture. These testcrosses were grown in replicated yield 
trials in which the testers were the double cross, each parental single 
cross, the parental mixture and the non-parental mixture. 
In the analysis of variance of the yield test, tests of significance 
were made for differences among types of testers with 17 orthogonal and 
non-orthogonal comparisons. Generally, there were no significant differ­
ences among testers for moisture or yield, but differences were consistent 
for plant and ear height measurements. Each parental single-cross tester 
was different from the other testers for plant and ear height. Other 
tester comparisons were not significant. 
The rank of the 22 single-cross entries was compared for each tester 
type. Each of the single-cross testers gave rankings very similar to that 
of the double cross. In each case the single cross ranked number one by 
the double cross was ranked the same by each tester except for two 
parental testers for yield. 
Phenotypic correlation coefficients between each single cross tester 
and Iowa 4652 ranged from .85 to ,96 for plant height, ear height, and 
moisture. The values for yield were from .57 to .83, 
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Genotypic correlation coefficients between each single cross tester 
and Iowa 4652 ranged from .90 to 1,00 for plant height, ear height and 
moisture. The values for yield were from ,79 to .89. 
The results of this experiment indicate that relative performance 
of materials being evaluated for combining ability will be approximately 
the same whether a double-cross tester or two single-cross testers are 
used. More material can be evaluated for the same amount of labor when 
the two single crosses are used as testers. It is recommended that the 
two single crosses should be made from four unrelated inbred lines, each 
being known for good general combining ability. 
The two alternatives outlined in this thesis are advantageous to 
corn breeders engaged in early testing or recurrent selection work. 
Knowledge of the tester material is necessary in choosing a method of 
testcrosslng. 
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APPENDIX A 
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Table 22. Mean grain moisture per cent and yield for testcrosses of four 
single crosses each crossed with 25 different plants from Iowa 
4652 and Stiff Stalk Synthetic grown near Ankeny, Iowa, in 
1961 
Mean % 
moisture 
Mean yield 
Ibs/olot 
(A257 X B50) X Stiff Stalk Synthetic - 1 17.8 17.0 
- 2 18.4 18.6 
- 3 17.6 19.0 
- 4 16.8 18.1 
- 5 17.4 17.5 
- 6 17.5 19.0 
- 7 16.6 19.2 
- 8 17.8 17.0 
- 9 17.7 17.1 
-10 18.0 18.9 
-11 17.0 16.8 
-12 16.8 16.7 
-13 17.0 17.2 
-14 17.6 18.0 
-15 17.0 18.7 
-16 17.2 18.1 
-17 18.2 18.4 
-18 17.9 19,0 
-19 17.4 18.1 
-20 17,5 18.6 
-21 17.7 18.0 
-22 17.0 17.2 
-23 16.4 18.7 
-24 16.8 17.4 
-25 16.2 18.6 
Group mean 17.4 18,0 
(B42 X Oh43) X Stiff Stalk Synthetic - 1 19.2 18.4 
- 2 19.6 16.7 
- 3 17,9 17.2 
- 4 18.5 17.3 
- 5 18.2 18.3 
- 6 19.2 17.9 
- 7 17.5 19.2 
- 8 18,3 17.3 
- 9 17.0 17.9 
-10 17.1 16.8 
-11 18.9 19.0 
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Table 22 (Continued) 
Mean % 
moisture 
Mean yield 
lbs/plot 
(B42 X Oh43) X Stiff Stalk Synthetic -12 17.8 19.2 
-13 17.9 18.1 
-14 17.8 19.7 
-15 19.3 19.6 
-16 19.9 18.4 
-17 21.1 18.2 
-18 18.5 18.5 
-19 19.2 19.5 
-20 18.3 18.9 
-21 20.2 17.8 
-22 17.8 19.7 
-23 19.0 19.1 
-24 19.2 19.6 
-25 17.0 18.0 
Group mean 18.6 18.4 
(N22A X B54) X Stiff Stalk Synthetic - 1 17.1 16.7 
- 2 16.8 18.0 
- 3 17.6 17.7 
- 4 16.9 17.4 
- 5 17.9 17.9 
- 6 18.2 17.2 
- 7 17.8 20.4 
- 8 18.4 17.7 
- 9 17.3 19.0 
-10 18.2 17.8 
-11 17.5 17.8 
-12 18.0 17.6 
-13 17.4 18.4 
-14 19.4 18.4 
-15 17.1 19.7 
-16 17.0 18.0 
-17 18.9 18.7 
-18 18.7 18.4 
-19 19.5 18.4 
-20 17.4 17.2 
-21 17.4 18.3 
-22 18.6 17.3 
-23 17.8 17.6 
-24 18.2 18.8 
-25 18.6 17.1 
Group mean 17.9 18.1 
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Table 22 (Continued) 
Mean % 
moisture 
Mean yield 
lbs/plot 
(N6 X B51) X Stiff Stalk Synthetic - 1 18.0 18.4 
- 2 18.7 17.9 
- 3 17.6 18.2 
- 4 16.5 17.2 
- 5 18.6 18.0 
- 6 20.3 16.6 
- 7 16.8 16.5 
- 8 17.2 16.7 
- 9 16.5 16.9 
-10 18.1 18.8 
-11 17.2 16.5 
-12 17.6 16.6 
-13 18.0 17.6 
-14 18.0 17.2 
-15 19.0 17.7 
-16 19.2 17.6 
-17 18.7 17.7 
-18 18.3 16.8 
-19 17.6 16.8 
-20 16.7 16.2 
-21 17.9 16.7 
-22 17.3 18.0 
-23 18.2 17.0 
-24 17.7 18.2 
-25 17.6 17.5 
Group mean 17.9 17.3 
(A257 X B50) X Iowa 4652 - 1 16.0 17.2 
- 2 15.7 17.4 
- 3 15.9 16.8 
- 4 16.9 18.2 
- 5 16.0 17.6 
- 6 15.6 17.4 
- 7 15.6 16.3 
- 8 16.3 17.5 
- 9 16.2 17.7 
-10 15.6 16.8 
-11 17.2 17.4 
-12 15.4 18.0 
-13 15.8 16.3 
-14 15.7 16.8 
-15 17.4 16.6 
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Table 22 (Continued) 
Mean % 
moisture 
Mean yield 
lbs/plot 
(A257 X B50) X Iowa 4652 -16 16.3 17.8 
-17 16.0 16.2 
-18 16.8 17.0 
-19 16.6 16.9 
-20 15.8 17.7 
-21 15.8 17.8 
-22 16.0 16.5 
-23 17.0 17.6 
-24 15.8 18.6 
-25 16.6 17.3 
Group mean 16.2 17.3 
(B42 X Oh43) X Iowa 4652 - 1 16.8 17.3 
- 2 17.8 16.8 
- 3 17.2 17.6 
- 4 16.5 17.6 
- 5 18.0 16.8 
- 6 16.8 17.7 
- 7 16.0 18.6 
- 8 17.7 18.6 
- 9 16.4 17.7 
-10 16.7 18.6 
-11 17.0 18.8 
-12 17.8 18.0 
-13 16.5 18.3 
-14 16.8 18.3 
-15 16.9 17.3 
-16 18.6 17.8 
-17 18.2 18.1 
-18 17.4 18.3 
-19 16.8 19.4 
-20 18.3 17.4 
-21 18.0 19.0 
-22 18.2 17.7 
-23 17.0 17.2 
-24 17.9 18.1 
-25 17.0 17.7 
Group mean 17.3 17.9 
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Table 22 (Continued) 
(N22A X B54) x Iowa 4652 
Group mean 
(N6 X B51) X Iowa 4652 
Mean % 
moisture 
Mean yield 
lbs/plot 
- 1 18.4 17.4 
- 2 16.3 19.7 
- 3 16.2 17.8 
- 4 16.6 17.8 
- 5 16,6 19.5 
- 6 17.6 19.2 
- 7 17.1 18.4 
- 8 17.6 . 18.9 
- 9 18.5 16.9 
-10 17.1 18.0 
-11 18.3 17.0 
-12 16.3 16,6 
-13 17.4 20.1 
-14 17.9 18.4 
-15 18.8 17.0 
-16 16.4 18.0 
-17 17.9 16.7 
-18 18.2 17.6 
-19 16.9 18.8 
-20 17.0 18.6 
-21 16.4 18.9 
-22 17.5 18.0 
-23 17.9 17.0 
-24 17.8 17.0 
-25 17.0 17.8 
17.3 18.1 
- 1 16.9 17.6 
- 2 17.5 17.4 
- 3 • 16.8 16.5 
- 4 16.6 16.6 
- 5 16.9 16.4 
- 6 17.5 18.2 
- 7 17.8 16.5 
- 8 17.2 17.2 
- 9 16.2 16.2 
-10 16.9 15.7 
-11 16.4 14.6 
-12 16.2 16.1 
-13 17.2 17.4 
-14 16.9 17.1 
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Table 22 (Continued) 
Mean % Mean yield 
moisture lbs/plot 
(N6 X B51) X Iowa 4652 -15 16.7 17,0 
-16 17.3 17.3 
-17 16.4 17.1 
-18 16.6 15.6 
-19 16.8 16.5 
-20 15.8 18.4 
-21 16.6 18.0 
-22 16.2 16.9 
-23 16.6 16.4 
-24 16.1 16.0 
-25 17.8 15.1 
Group mean 16.8 16.7 
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Table 23. Variance ratios A and B of grain moisture per cent for pooled 
crosses of Stiff Stalk Synthetic and Iowa 4652 populations 
each with four single crosses 
Variance ratio A Variance ratio B 
n 1 Rep 4 Reus 6 Reps 10 Reps 
1 64 77 79 80 64 
2 69 84 86 88 32 
3 71 87 89 90 21 
4 72 88 90 92 16 
5 73 89 91 93 13 
10 74 90 93 95 6 
50 75 92 94 96 1 
00 75 92 95 97 0 
'4' .400 
.62 
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Table 24. Variance ratios A and B of grain yield for pooled crosses of 
Stiff Stalk Synthetic and Iowa 4652 populations each with 
four single crosses 
Variance ratio A Variance ratio B 
n 1 Rep 4 Reps 6 Reps 10 Reps 
1 24 43 47 51 27 
2 26 51 57 63 14 
3 27 54 61 67 10 
4 27 55 63 70 7 
5 27 57 64 72 6 
10 28 59 67 76 2 
50 28 61 70 79 1 
CO 28 61 70 80 0 
"2 
= .345 
"2 
o = 1.26 
Table 25. Variance ratios A and B of grain moisture per cent and yield for Stiff Stalk 
Synthetic and Iowa 4652 populations each in pooled crosses with four single 
crosses 
Grain moisture per cent Grain yield 
n Stiff Stalk Synthetic Iowa 4652 Stiff Stalk Synthetic Iowa 4652 
1 A 74 60 45 47 
B 76 50 28 26 
2 83 63 55 57 
38 25 14 13 
3 87 64 60 60 
25 16 10 8 
4 88 65 62 63 
19 12 7 6 
5 90 65 64 64 
15 11 6 5 
10 92 66 67 67 
7 5 3 2 
50 94 66 70 69 
1 2 1 1 
oo 94 66 71 70 
0 0 0 0 
.522 .280 .400 .338 
.68 .56 1.24 1.29 
Table 26. Variance ratios A and B of grain moisture per cent for Stiff Stalk Synthetic and 
Iowa 4652 populations crossed with four single crosses 
Stiff Stalk Synthetic Iowa 4652 
n A257xB50 B42xOh43 N22AXB54 N6xB51 A257xB50 B42xOh43 N22AxB54 N6xB51 
1 A 87 64 78 82 87 80 78 89 
B 24 138 61 42 41 70 54 29 
2 90 77 86 87 92 87 85 92 
11 70 39 21 20 36 27 15 
3 92 82 88 89 93 90 88 93 
8 45 20 14 14 23 19 10 
4 92 85 90 91 94 91 89 94 
6 35 15 10 10 17 13 7 
5 93 86 91 91 94 92 90 94 
5 27 12 8 8 13 11 6 
10 93 90 92 92 95 94 92 95 
2 14 6 4 4 8 5 3 
50 94 94 94 94 96 95 93 95 
0 2 1 1 1 2 1 1 
Oo 94 94 94 94 96 95 94 96 
0 0 0 0 0 0 0 0 
.165 .912 .402 .295 .188 .372 .405 .152 
*2 
a .68 .66 .66 .72 .46 .53 .74 .52 
Table 27. Variance ratios A and B of grain yield for Stiff Stalk Synthetic and Iowa 4652 
populations crossed with four single crosses 
n 
Stiff Stalk Synthetic Iowa 4652 
A257XB50 B42xOh43 N22AXB54 N6xB51 A257xB50 B42xOh43 N22AxB54 N6xB51 
1 A 47 40 47 57 60 61 38 40 
B 56 40 22 8 32 8 26 44 
2 59 51 56 62 69 65 47 51 
28 20 11 4 16 4 13 22 
3 65 56 59 63 73 67 51 56 
18 14 8 3 10 2 8 14 
4 68 59 61 64 75 67 53 59 
14 10 6 2 9 2 6 11 
5 70 61 62 65 76 68 55 61 
11 8 4 1 6 2 3 9 
10 74 66 65 66 78 69 58 66 
5 4 2 1 3 1 3 4 
50 78 69 67 67 81 70 61 70 
1 1 1 0 0 0 1 1 
oo 79 69 68 67 81 70 61 71 
0 0 0 0 0 0 0 0 
.525 .435 .318 .125 .098 .222 .485 .548 
*2 
a 1.28 
00 
1.42 1.48 1.30 .69 1.89 1.25 
Table 28, Variance ratios A and B of grain yield for six populations 
n Reid Krug Lancaster Kolkmeier (W9xB7)Cg Alph 
1 A 36 59 30 18 65 44 
B 25 5 21 24 17 33 
2 45 62 37 24 72 54 
12 2 10 12 9 16 
3 49 63 40 27 74 59 
8 2 7 8 6 11 
4 51 64 42 28 75 61 
6 1 5 6 4 8 
5 52 64 43 30 76 63 
5 1 4 5 4 7 
10 55 65 46 32 78 67 
2 1 2 2 2 3 
50 58 65 48 35 79 70 
0 0 0 0 0 1 
OQ 59 66 49 35 79 70 
0 0 0 0 0 0 
.526 .081 .658 1.351 .135 .415 
? 2.10 1.58 3.12 5.52 00 1.26 
Table 29. Variance ratios A and B of grain yield for (B39 x B44)F2 and (CI31A x C103)F2 
populations each crossed with (B39 x B44) and (CI31A x C103) 
(B39 X B44)F2 (CI31A x C103)F2 
__n X (B39 X B44) x (CI31A x C103) x (B39 x B44) x (CI31A x C1Q3) 
1 A 43 38 42 39 
B 50 39 16 47 
2 55 48 50 50 
25 ^ 19 18 24 
3 60 53 53 56 
17 13 5 16 
4 64 56 54 60 
13 10 4 12 
5 65 57 55 61 
10 8 3 9 
10 70 62 57 66 
5 4 2 5 
50 74 66 59 70 
1 1 0  1  
oo 75 67 60 71 
0 0 0 0 
.50 .58 .34 .58 
.99 1.50 2.07 1.23 
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Table 30, Means and ranges of tester types for four characters at two 
locations 
NP PM P^  Pg DC(1) DC(2) 
Plant height (cm) 
Ankeny Mean 217 219 215 222 218 217 218 
Range 27 24 27 27 21 23 20 
Ames Mean 222 222 219 227 222 222 222 
Range 30 32 26 26 29 27 27 
Comb, Mean 219 221 217 224 220 220 220 
Range 28 27 26 26 25 24 23 
Ear height (cm) 
Ankeny Mean 104 105 103 107 106 105 105 
Range 26 22 25 27 20 27 21 
Ames Mean 105 105 103 108 105 105 105 
Range 27 28 23 28 30 26 27 
Comb, Mean 105 105 103 108 105 105 105 
Range 24 23 24 26 23 26 24 
Moisture % 
Ankeny Mean 23,8 24,0 23,6 24,3 23,9 23.8 23,9 
Range 7,3 5,8 7,0 6,1 6,4 5,4 5,5 
Ames Mean 21,5 21,7 21,6 21,6 21,4 21,5 21,5 
Range 5,5 6,5 5,8 5.6 6,0 5,3 5,6 
Comb, Mean 22,7 22,9 22,7 23,0 22,8 22,7 22,7 
Range 6,5 6,1 6,4 5,8 6,2 5,3 5,5 
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Table 30 (Continued) 
NP PM P^  Pg DC(1) DC(2) + DC(2) 
Yield (lbs/plot) 
Ankeny Mean 
Range 
18.8 
2.9 
18.9 
2.6 
19.1 
3.1 
18.8 
4.0 
19.1 
4.0 
19.0 
3.1 
19.0 
3.3 
Ames Mean 
Range 
17.8 
2.7 
17.7 
2.5 
17.7 
3.0 
17.9 
4.5 
17.7 
3.7 
18.0 
4.1 
17.8 
3.5 
Comb* Mean 
Range 
18.4 
2.8 
18.3 
2.5 
18.4 
2.3 
18.4 
4.0 
18.4 
3.5 
18.5 
3.3 
18.5 
3.2 
Table 31, Mean plant height in cms» for testcrosses of 22 unrelated single crosses with Iowa 
4652, parental and non-parental single crosses at Ankeny, Iowa in 1962 
Testers 
Single cross Non-parental Parental Parental(l) Parental(2) Double cross - Iowa 4652 
mixture mixture (NF9 X M14) (B14 X W22) Sample 1 Sample 2 Mean 
A239 X A257 216 219 217 218 213 219 216 
A297 X B42 214 215 208 220 212 214 213 
A427 X B37 212 214 213 220 215 215 215 
A570 X B21 215 216 213 221 219 216 218 
B2 X N25 217 218 218 221 216 217 217 
B6 X 187-2 213 215 214 216 219 212 215 
B7 X RlOl 214 215 211 217 212 212 212 
B8 X Oh28 216 217 209 219 220 219 219 
B9A X B50 215 220 212 223 215 209 212 
B20 X Oh43 206 209 203 211 210 209 210 
B38 X R154 233 233 230 233 231 227 229 
B45 X B51 224 224 219 227 227 222 225 
B46 X B55 212 214 211 214 212 217 215 
B48 X B56 214 217 214 221 215 213 214 
B51 X R71 217 216 214 218 215 214 214 
CI31A X Oh45 222 220 216 229 225 221 223 
C103 X 38-11 225 230 224 232 228 230 229 
0h07 X Hy 229 230 226 238 223 227 225 
Oh41 X B57 221 221 214 228 223 218 220 
OhSlA X B53 208 212 207 216 210 207 209 
N6 X K150 213 213 208 215 215 214 215 
N22A X B54 222 225 219 229 227 220 224 
Mean 217 219 215 222 218 217 218 
Table 32. Mean ear height in cms, for testcrosses of 22 unrelated single crosses with Iowa 
4652, parental and non-parental single crosses at Ankeny, Iowa in 1962 
Testers 
Single cross Non-parental Parental Parental(1) Parental(2) Double cross - Iowa 4652 
mixture mixture (WF9 X M14) (B14 X W22) Sample 1 Sample 2 Mean 
A239 X A257 105 106 102 107 100 108 104 
A297 X B42 102 106 99 108 101 101 101 
A427 X B37 102 101 103 104 102 101 102 
A570 X B21 104 106 105 105 104 106 105 
B2 X N25 101 98 99 97 101 102 102 
B6 X 187-2 105 106 107 105 109 108 109 
B7 X RlOl 98 103 96 103 102 95 99 
B8 X Oh28 104 106 100 109 108 114 110 
B9A X B50 106 103 102 106 102 96 99 
B20 X Oh43 89 92 89 96 95 88 92 
B38 X R154 110 112 112 113 111 110 111 
B45 X B51 109 108 107 113 115 109 112 
B46 X B55 98 101 99 97 98 99 98 
B48 X B56 103 104 101 105 103 104 103 
B51 X R71 105 104 104 105 105 101 103 
CI31A X Oh45 113 110 107 118 113 115 114 
C103 X 38-11 109 112 107 112 112 112 112 
0h07 X Hy 115 114 114 123 112 114 113 
Oh41 X B57 111 109 107 114 112 114 113 
OhSlA X B53 101 102 97 104 103 100 102 
N6 X K150 100 102 98 102 103 101 102 
N22A X B54 107 111 107 118 114 106 110 
Mean 104 105 103 107 106 105 105 
1 
Table 33. Mean grain moisture per cent for testcrosses of 22 unrelated single crosses with 
Iowa 4652, parental and non-parental single crosses at Ankeny, Iowa in 1962 
Testers 
Single cross Non-parental Parental Parental(1) Parental(2) Double cross - Iowa 4652 
mixture mixture (WF9 X M14) (B14 X W22) Sample 1 Sample 2 Mean 
A239 X A257 23.3 22.8 22.6 23.4 23.5 22.5 23.0 
A297 X B42 22.2 22.6 22.2 22.1 22.4 21.1 21.7 
A427 X B37 23.9 23.8 24.0 23.6 23.1 23.5 23.3 
A570 X B21 22.2 21.7 22.2 21.6 23.1 22.3 22.7 
B2 X N25 24.5 26.0 25.0 25,6 24.4 25.3 24.9 
B6 X 187-2 22.9 23.0 22.9 24.3 23.1 22.5 22.8 
B7 X RlOl 24.6 24.6 24.9 26.4 25.6 24.0 24.8 
B8 X Oh28 20.8 21.6 20.3 21.7 20.8 22.0 21.4 
B9A X B50 22.3 21.9 22.3 22.7 22.2 21.8 22.0 
B20 X Oh43 21.9 22.6 22.2 23.5 22.4 23.0 22.7 
B38 X R154 23.7 23.8 23.4 24.0 23.8 24.5 24.2 
B45 X B51 22.6 23.7 23.2 24.1 23.1 24.3 23.7 
B46 X B55 25.1 23.9 24.0 24.3 25.1 24.7 24.9 
B48 X B56 23.8 24.4 23.3 23.8 23.7 23.7 23.7 
B51 X R71 24.8 24.7 24.1 25.5 24.4 24.1 24.2 
CI31A X Oh45 25.8 26.0 25.6 26.7 25.8 26.1 26.0 
C103 X 38-11 24.9 24.6 24.5 25.9 25.2 23.8 24.5 
0h07 X Hy 23.8 25.5 23.6 24.6 24.3 24.5 24.4 
Oh41 X B57 28.1 27.4 27.3 27.7 27.2 26.5 26.9 
OhSlA X B53 22.0 22.3 22.1 22.6 22.4 22.8 22.6 
N6 X K150 24.8 25.1 24.9 25.8 24.8 25.4 25.1 
N22A X B54 26.2 25.5 25.3 25.6 26.1 25.2 25.6 
Mean 23.8 24.0 23.6 24.3 23.9 23.8 23.9 
Table 34. Mean yield in pounds/plot for testcrosses of 22 unrelated single crosses with Iowa 
4652, parental and non-parental single crosses at Ankeny, Iowa in 1962 
Testers 
Single cross Non-parental Parental Parental(1) Parental(2) Double cross - Iowa 4652 
mixture mixture (WF9 X M14) (B14 X W22) Sample 1 Sample 2 Mean 
A239 X A257 17.8 18.8 18.0 17.4 17.2 18.5 17.8 
A297 X B42 18.5 18.2 18.8 18.8 19.0 18.0 18.5 
A427 X B37 18.8 18.5 19.1 18.3 18.8 18.9 18.8 
A570 X B21 18.8 18.0 17.6 18.8 18.5 18.2 18.4 
B2 X N25 19.3 19.0 20.1 19.3 19.1 19.3 19.2 
B6 X 187-2 19.0 19.4 18.5 18.1 19.7 18.5 19.1 
B7 X RlOl 18.2 19.1 18.4 19.1 18.8 19.0 18.9 
B8 X Oh28 17.6 17.8 17.9 18.6 18.9 18.4 18.7 
B9A X B50 18.0 18.8 18.4 18.0 18.1 17.9 18.0 
B20 X Oh43 17.9 18.3 17.9 17.4 18.1 18.4 18.3 
B38 X R154 19.4 20.4 19.7 18.7 19.8 18.5 19.1 
B45 X B51 18.7 19.2 19.5 18.5 19.0 18.5 18.7 
B46 X B55 17.9 19.1 18.8 17.6 18.2 19.8 19.0 
B48 X B56 19.0 18.4 18.8 19.3 18.5 19.2 18.9 
B51 X R71 18.9 18.4 19.9 17.6 19.3 18.2 18.8 
CI31A X Oh45 19.8 20.4 19.4 20.5 19.4 19.6 19.5 
C103 X 38-11 20.2 19.9 19.7 19.1 21.2 20.5 20.8 
0h07 X Hy 18.9 18.7 20.2 20.5 19.5 19.1 19.3 
Oh41 X B57 20.5 19.8 19.3 21.4 20.5 20.7 20.6 
OhSlA X B53 18.3 18.3 18.7 17.7 17.4 17.6 17.5 
N6 X K150 20.1 19.0 20.7 19.8 20.2 20.6 20.4 
N22A X B54 18.8 19.1 20.0 19.5 20.1 19.6 19.9 
Mean 18.8 18.9 19.1 18.8 19.1 19.0 19.0 
Table 35. Mean plant height in eras, for testcrosses of 22 unrelated single crosses with Iowa 
4652, parental and non-parental single crosses at Ames, Iowa in 1962 
Testers 
Single cross Non-parental Parental Parental(1) Parental(2) Double cross - Iowa 4652 
mixture mixture fWF9 X M14) fB14 X W22) Sample 1 Sample 2 Mean 
A239 X A257 218 224 222 224 213 220 216 
A297 X B42 214 220 209 229 224 218 221 
A427 X B37 213 219 212 223 220 217 218 
A570 X B21 222 222 217 226 223 223 223 
B2 X N25 221 225 225 226 220 217 218 
B6 X 187-2 223 219 220 226 219 219 219 
B7 X RlOl 218 220 215 222 215 220 217 
B8 X Oh28 218 215 213 223 222 227 225 
B9A X B50 220 219 210 222 219 216 217 
B20 X Oh43 212 210 209 217 210 216 213 
B38 X R154 241 242 235 242 239 241 240 
B45 X B51 226 231 229 230 226 222 224 
B46 X B55 211 218 215 217 212 222 217 
B48 X B56 220 220 216 221 213 216 214 
B51 X R71 221 223 216 220 215 218 216 
CI31A X Oh45 226 229 226 236 228 225 226 
Cl03 X 38-11 232 228 226 236 235 233 234 
0h07 X Hy 233 229 231 243 231 237 234 
Oh41 X B57 228 230 219 233 231 226 228 
OhSlA X B53 212 220 212 220 216 214 215 
N6 X K150 220 212 212 218 218 218 218 
N22A X B54 229 229 221 237 228 226 227 
Mean 222 223 219 227 222 222 222 
Table 36. Mean ear height In cms. for testcrosses of 22 unrelated single crosses with Iowa 
4652, parental and non-parental single crosses at Ames, Iowa In 1962 
Testera 
Single cross Non-parental Parental Parental(l) Parental(2) Double cross - Iowa 4652 
mixture mixture (WF9 X M14) (B14 X W22) Sample 1 Sample 2 Mean 
A239 X A257 105 109 106 108 99 104 101 
A297 X B42 98 104 98 109 107 101 104 
A427 X B37 97 104 99 102 103 101 102 
A570 X B21 107 105 105 106 105 106 106 
B2 X N25 98 99 101 102 97 94 95 
B6 X 187-2 109 106 104 112 106 109 107 
B7 X RlOl 100 101 97 101 101 101 101 
B8 X Oh28 103 102 100 105 104 111 108 
B9A X B50 102 101 95 101 100 100 100 
B20 X Ûh43 93 90 90 94 88 92 90 
B38 X R154 120 116 109 122 116 117 117 
B45 X B51 109 110 111 109 111 107 109 
B46 X B55 94 99 99 96 94 100 97 
B48 X B56 103 100 101 101 99 102 100 
B51 X R71 103 107 101 104 98 101 99 
CI31A X Oh45 109 114 111 120 112 113 112 
C103 X 38-11 113 108 108 113 114 109 112 
0h07 X Hy 116 113 113 120 115 118 116 
Oh41 X B57 116 118 111 118 118 115 117 
Oh51A X B53 98 104 98 106 101 103 102 
N6 X K150 106 98 98 103 103 104 103 
N22A X B54 110 109 104 116 111 106 108 
Mean 105 105 103 108 105 105 105 
Table 37» Mean grain moisture per cent for testcrosses of 22 unrelated single crosses with 
Iowa 4652, parental and non-parental single crosses at Ames, Iowa In 1962 
Testers 
Single cross Non-parental Parental Parental(1) Parental(2) Double cross - Iowa 4652 
mixture mixture (WF9 X M14) (B14 X W22) Sample 1 Sample 2 Mean 
A239 X A257 20.0 20.4 20.5 20.5 20.5 20.7 20.6 
A297 X B42 20.1 20.4 20.6 20.4 19.4 19.7 19.6 
A427 X B37 22.7 21.8 22.5 21.6 22.3 22.2 22.2 
A570 X B21 19.8 21.6 20.9 20.0 21.5 21.5 21.5 
B2 X N25 21.9 22.0 21.4 22.7 22.3 21.2 21.7 
B6 X 187-2 21.2 21.3 20.7 21.5 20.9 20.9 20.9 
B7 X RlOl 22.7 22.5 22.5 23.2 22.8 22.4 22.6 
B8 X Oh28 19.0 18.6 19.0 18.8 19.3 19.5 19.4 
B9A X B50 20.0 19.9 20.2 19.8 19.6 19.5 19.5 
B20 X Oh43 21.0 21.1 21.3 21.5 21.1 21.6 21.3 
B38 X R154 21.9 22.2 22.8 21.1 21.7 22.7 22.2 
B45 X B51 20.4 21.3 20.4 20,8 19.9 21.0 20.4 
B46 X B55 22.0 22.7 22.3 23.1 22.3 22,0 22.1 
B48 X B56 21.4 21.1 20.8 21.3 19.9 21.2 20.6 
B51 X R71 21.9 21.9 22.0 22.0 21.6 22.1 21.9 
CI31A X Oh45 24.0 24.0 23.3 24.2 22.4 23.4 22.9 
C103 X 38-11 21.5 21.8 22.0 21.7 22.6 21.4 22.0 
0h07 X Hy 21.3 21.4 21.6 21.0 21.0 21.0 21.0 
Oh41 X B57 24.5 25.1 24.8 24.4 25.3 24.8 25.0 
OhSlA X B53 20.7 20.5 20.7 20.2 20.0 20.6 20.3 
N6 X K150 21.9 23.0 22.6 23.2 21.7 22.7 22.2 
N22A X B54 22.9 22.8 23.2 22.2 23.5 22.0 22.8 
Mean 21.5 21.7 21.6 21.6 21.4 21.5 21.5 
Table 38. Mean yield in pounds/plot for testcrosses of 22 unrelated single crosses with Iowa 
4652, parental and non-parental single crosses at Ames, Iowa in 1962 
Testers 
Single cross Non-parental Parental Parental(l) Parental(2) Double cross - Iowa 4652 
mixture mixture (WF9 X M14) (B14 X W22) Sample 1 Sample 2 Mean 
A239 X A257 17.2 17.9 17.8 17.9 16.4 17.8 17.1 
A297 X B42 16.8 16.8 17.4 18.5 18.3 17.6 17.9 
A427 X B37 17.6 18.7 18.5 18.3 17.6 17.0 17.3 
A570 X B21 17.9 16.9 17.7 17.6 17.5 17.5 17.5 
B2 X N25 17.8 18.5 18.8 17.7 17.0 17.1 17.0 
B6 X 187-2 17.6 16.9 17.4 17.9 17.0 16.7 16.9 
B7 X RlOl 17.9 17.6 16.8 18.5 17.5 17.8 17.6 
B8 X Oh28 16.9 16.7 16.8 16.2 17.0 17.6 17.3 
B9A X B50 16.9 16.7 16.2 17.2 16.7 17.2 17.0 
B20 X Oh43 17.3 17.2 16.6 16.7 16.8 17.8 17.3 
B38 X R154 19.0 19.0 17.8 19.2 19.5 18.6 19.0 
B45 X B51 17.4 17.5 18.6 16.5 17.3 17.1 17.2 
B46 X B55 16.7 17.8 16.9 16.6 17.8 18.4 18.1 
B48 X B56 17.8 16.8 18.3 16.8 16.6 17.5 17.0 
B51 X R71 18.2 18.1 17.5 17.2 17.4 17.2 17.3 
CI31A X Oh45 18.8 18.1 18.6 19.6 17.8 18.8 18.3 
C103 X 38-11 19.0 17.9 17.6 18.9 18.7 18.7 18.7 
0h07 X Hy 18.4 17.8 18.6 19.1 18.4 18.7 18.5 
Oh4l X B57 19.4 19.2 19.2 20.7 20.1 20.8 20.4 
OhSlA X B53 17.1 17.1 16,5 16.8 17.0 17.2 17.1 
N6 X K150 19.3 17.8 18.5 18.2 19.2 19.7 19.4 
N22A X B54 17.9 18.2 18.2 18.3 18.2 18.4 18.3 
Mean 17.8 17.7 17.7 17.9 17.7 18.0 17.8 
Table 39. Mean plant height in cms. for testcrosses of 22 unrelated single crosses with Iowa 
4652, parental and non-parental single crosses at Ankeny and Ames, Iowa in 1962 
Testers 
Single cross Non-parental Parental Parental(1) Parental(2) Double cross - Iowa 4652 
mixture mixture (\m X M14) (B14 X W22) Sample 1 Sample 2 Mean 
A239 X A257 217 222 219 221 213 220 216 
A297 X B42 214 218 209 224 217 216 217 
A427 X B37 213 217 213 221 217 216 217 
A570 X B21 218 219 215 224 221 220 220 
B2 X N25 219 221 221 223 218 217 218 
B6 X 187-2 218 217 217 220 219 215 217 
B7 X RlOl 216 217 213 219 213 216 214 
B8 X Oh28 217 216 211 221 221 223 222 
B9A X B50 217 219 211 223 217 213 215 
B20 X Oh43 209 210 206 214 210 212 211 
B38 X R154 237 237 232 237 235 234 234 
B45 X B51 225 227 224 229 227 222 225 
B46 X B55 212 216 213 215 212 219 216 
B48 X B56 216 218 215 221 214 214 214 
B51 X R71 219 220 215 219 215 216 215 
CI31A X Oh45 224 224 221 232 226 223 224 
C103 X 38-11 228 229 225 234 231 231 231 
0h07 X Hy 231 230 229 240 227 232 229 
Oh41 X B57 224 225 216 230 227 222 224 
OhSlA X B53 210 215 210 217 213 210 212 
N6 X K150 216 212 210 217 217 216 216 
N22A X B54 225 227 220 233 227 223 225 
Mean 219 221 217 224 220 220 220 
Table 40. Mean ear height in cms. for testcrosses of 22 unrelated single crosses with Iowa 
4652, parental and non-parental single crosses at Ankeny and Ames, Iowa in 1962 
Testers 
Single cross Non-parental Parental Parental(1) Parental(2) Double cross - Iowa 4652 
mixture mixture (WF9 X M14) (B14 X W22) Sample 1 Sample 2 Mean 
A239 X A257 105 108 104 107 99 106 103 
A297 X B42 100 105 99 108 104 101 103 
A427 X B37 99 102 101 103 102 101 102 
A570 X B21 105 105 105 106 105 106 105 
B2 X N25 100 99 100 99 99 98 99 
B6 X 187-2 107 106 106 108 107 108 108 
B7 X RlOl 99 102 96 102 102 98 100 
B8 X Oh28 104 104 100 107 106 112 109 
B9A X B50 104 102 99 104 101 98 100 
B20 X Oh43 91 91 90 96 92 90 91 
B38 X R154 115 114 110 117 113 113 113 
B45 X B51 109 109 109 111 113 108 110 
B46 X B55 96 100 99 97 96 100 98 
B48 X B56 103 103 101 103 101 103 102 
B51 X R71 104 105 103 104 102 101 101 
CI31A X Oh45 111 112 109 119 112 114 113 
C103 X 38-11 111 110 108 112 113 111 112 
0h07 X Hy 115 114 114 122 113 116 114 
Oh41 X B57 114 113 109 116 115 115 115 
Oh51A X B53 100 103 97 105 102 101 102 
N6 X K150 103 100 98 103 103 102 103 
N22A X B54 108 110 106 117 112 106 109 
Mean 105 105 103 108 105 105 105 
Table 41. Mean grain moisture per cent for testcrosses of 22 unrelated single crosses with 
Iowa 4652, parental and non-parental single crosses at Ankeny and Ames, Iowa in 1962 
Testers 
Single cross Non-parental Parental Parental(1) Parental(2) • Double cross - Iowa 4652 
mixture mixture (WF9 X M14) (B14 X W22") Sample 1 Sample 2 Mean 
A239 X A257 21.7 21.7 21.6 22.0 22.1 21.7 21.9 
A297 X B42 21.2 21.5 21.4 21.3 21.0 20.4 20.7 
A427 X B37 23.3 22.8 23.3 22.6 22.7 22.9 22.8 
A570 X B21 21.0 21.6 21,5 20.8 22.3 21.9 22.1 
B2 X N25 23.3 24.1 23.3 24.2 23.4 23.3 23.4 
B6 X 187-2 22.1 22.2 21.9 23.0 22.1 21.7 21.9 
B7 X RlOl 23.7 23.6 23.8 24.9 24.3 23.2 23.8 
B8 X Oh28 19.9 20.2 19.7 20.3 20.1 20.8 20.5 
B9A X B50 21.2 21.0 21.3 21.3 21.0 20.7 20.8 
B20 X Oh43 21.5 21.9 21.8 22.6 21.8 22.3 22.1 
B38 X R154 22.8 23.0 23.1 22.6 22.8 23.7 23.2 
B45 X B51 21.6 22.6 21.9 22.5 21.6 22.7 22.2 
B46 X B55 23.6 23.3 23,2 23.7 23.8 23.4 23.6 
B48 X B56 22.7 22.8 22.1 22.6 21.9 22.5 22.2 
B51 X R71 23.4 23.4 23.1 23.8 23.1 23.2 23.1 
CI31A X Oh45 24.9 25.1 24.5 25.5 24.2 24.8 24.5 
C103 X 38-11 23.3 23.3 23.3 23.9 24.0 22.7 23.3 
0h07 X Hy 22.6 23.5 22.7 22.9 22.8 22,9 22.8 
Oh41 X B57 26.4 26.3 26.1 26.1 26.3 25.7 26.0 
OhSlA X B53 21.4 21.4 21.5 21.4 21.3 21.7 21.5 
N6 X K150 23.4 24.1 23.8 24.6 23.3 24,1 23.7 
N22A X B54 24.6 24.2 24.3 24.0 24.9 23.7 24.3 
Mean 22.7 22.9 22.7 23.0 22.8 22.7 22.7 
Table 42. Mean yield in pounds/plot for testcrosses of 22 unrelated single crosses with Iowa 
4652, parental and non-parental single crosses at Ankeny and Ames, Iowa in 1962 
Testers 
Single cross Non-parental Parental Parental(1) Parental(2) Double cross - Iowa 4652 
mixture mixture fWF9 X M14) (B14 X W22) Sample 1 Sample 2 Mean 
A239 X A257 17.6 18.3 17.9 17.6 16.8 18.2 17.5 
A297 X B42 17.7 17.5 18.1 18.7 18.6 17.8 18.2 
A427 X B37 18.2 18.6 18.8 18.3 18.2 18.0 18.1 
A570 X B21 18.4 17.5 17.6 18.3 18.0 17.9 18.0 
B2 X N25 18.6 18.7 19.5 18.6 18.1 18.3 18,2 
B6 X 187-2 18.3 18.2 18.0 18.0 18.4 17.6 18.0 
B7 X RlOl 18.0 18.4 17.6 18.8 18.2 18.4 18.3 
B8 X Oh28 17.2 17.2 17.4 17.4 18.0 18.0 18.0 
B9A X B50 17.4 17.8 17.3 17.6 17.5 17.6 17.5 
B20 X Oh43 17.6 17.8 17.3 17.1 17.5 18.1 17.8 
B38 X R154 19.2 19.7 18.8 18.9 19.7 18.5 19.1 
B45 X B51 18.1 18.4 19.1 17.6 18.2 17.8 18.0 
B46 X B55 17.4 18.5 17.9 17.1 18.0 19.2 18.6 
B48 X B56 18.4 17.6 18.6 18.1 17.6 18.4 18.0 
B51 X R71 18.6 18.3 18.7 17.4 18.4 17.7 18.1 
CI31A X Oh45 19.3 19.3 19.0 20.1 18.7 19.2 18.9 
C103 X 38-11 19.6 19.0 18.7 19.0 20.0 19.6 19.8 
0h07 X Hy 18.7 18.3 19.4 19.8 19.0 18.9 18.9 
Oh41 X B57 20.0 19.5 19.2 21.1 20.3 20.7 20.5 
OhSlA X B53 17.7 17.7 17.6 17.3 17.2 17.4 17.3 
N6 X K150 19.7 18.4 19.6 19.0 19.7 20.1 19.9 
N22A X B54 18.4 18.7 19.1 19.0 19.2 19.0 19.1 
Mean 18.4 18.3 18.4 18.4 18.4 18.5 18.5 
